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REMARKS 

Upon entry of the above amendment, claims 14-59 will be pending in the case, claims 1- 
13 having been canceled without prejudice and new claims 14-59 added. Support for the new 
claims can be found in the original claims, as well as throughout the specification. For example, 
new claim 14 is supported by original claim 2. Claims 15-24 are supported, e.g., by original 
claims 2 and 3 and in the specification at page 2, line 12, through page 3, line 30; and page 5, 
line 28, through page 6, line 17. Claims 25 and 26 are supported, e.g., at page 5, lines 2-15. 
Claims 27-31, 35, 47, 51, 55, and 59 are supported, e.g., at page 6, Hne 34, through page 7, 
line 2; and at page 8, line 1, through page 9, line 6. Claims 32-59 are supported, e.g., at page 13, 
line 33, through page 15, line 10; page 15, lines 19-32; and page 17, line 23, through page 18, 
line 7. See also the abstract at page 21 . No new matter has been added. It is believed that all of 
the present claims fall within the originally elected restriction group. Applicants therefore 
request examination of all of the new claims in the present application. 

As requested in the Office action at page 2, applicants have amended the specification 
with respect to the trademarked term "QIAexpress." 

Rejections under 35 USC § 1 12. first paragraph 

Claim 3 was rejected for lack of enablement, based on two rationales. Claim 3 has been 
canceled, rendering the rejection moot as to that claim. To the extent the rejection may be 
applied to the newly presented claims, applicants traverse. 

The first rationale put forward in the Office action with respect to enablement was based 
on a reading of claim 3 as encompassing a minibody that contains fewer than six CDRs, which 
according to the Examiner is not adequately enabled by the specification. Without agreeing with 
the Examiner's views, applicants have specified in new claims 19-22 that the claimed diabody 
comprises sequences of six CDRs. Withdrawal of that ground of rejection is therefore requested. 

The second rationale for rejecting claim 3 for lack of enablement was based on the 
Office's assertion that the specification "does not reasonably provide enablement for a minibody 
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comprising... substitutions insertions, deletions, or additions of just any amino acids." According 

to the Office action at page 5, "Even minor changes in the amino acid sequences of the heavy 
and light variable regions, particularly in the CDRs, may dramatically affect antigen-binding 
function." 

Claims 17 and 18 specify one or more changes in the amino acid sequence of SEQ ID 
N0:1 or 3, respectively. Claim 20 specifies one or more changes in the amino acid sequence of 
CDRs 1-3 from SEQ ID N0:5 and CDRs 1-3 from SEQ ID N0:7. Claim 22 specifies one or 
more changes in the amino acid sequence of CDRs 1-3 from SEQ ID NO: 9 and CDRs 1-3 from 
SEQ ID N0:1 1. Each of these claims depends from claim 14, so incorporates the functional 
limitation of claim 14 requiring that the diabody recognize CD22. Furthermore, each of 
claims 17, 18, 20 and 22 includes a second functional limitation ensuring that the claimed 
diabody induce apoptosis of a tumor cell expressing CD22. By virtue of these two functional 
limitations, all of the diabodies encompassed by claims 17, 18, 20 and 22 must, by definition, be 
fimctional despite variations in sequence. It is a routine matter to make and test variants (using 
guidance provided in the specification at, e.g., pages 16-17) to find those diabodies encompassed 
by the claims. While it may be true, as stated in the Office action, that the alteration of a single 
amino acid in a CDR can be sufficient to abolish binding activity, that point is essentially 
irrelevant to the question of enablement. Rather than asking whether it is possible to make a 
mutant that lacks activity, and declaring an invention nonenabled if the answer is yes, the proper 
question under US law is whether one of ordinary skill could, without undue experimentation, 
make a mutant that retains activity . Applicants submit that those of skill in the art were plainly 
able to do so, using routine methods such as site-directed mutagenesis and/or random 
mutagenesis with phage display. See, for example, US2005/01 18182 (copy enclosed as 
Exhibit A), in which a phage library expressing variants of the RFB4 antibody (one of the anti- 
CD22 antibodies utilized in the instant specification) was screened using standard methods and 
several active variants identified. Similarly, the Leung et al. (WO 96/04925) reference cited at 
page 8 of the Office action teaches active variants of the LL2 antibody, which is the second anti- 
CD22 antibody utilized in the present specification. There are many, many other publications 
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illustrating that use of mutagenesis, display, and screening of antibody variants to make and 

identify active variants is utterly routine in the art; if the Examiner remains unconvinced on this 
point, applicants will be happy to provide however many of such publications as the Examiner 
would like. 

Withdrawal of the rejections for lack of enablement is respectfully requested. 

Rejections under 35 USC § 102fb^ 

Claims 1, 3, and 7-1 1 were rejected as anticipated by each of two references, Leung et al. 
(mentioned above) and Fitzgerald et al. (WO 98/41641). Those claims have been canceled, 
rendering their rejection moot. Applicants submit that the rejections should not be applied to the 
claims presently in the case, for the simple reason that all of the present claims are limited to 
diabodies or methods of use thereof Neither Leung et al. nor Fitzgerald et al. discloses a 
diabody (and indeed, claims 2 and 12-13, which were limited to a diabody, were not rejected on 
this ground). Withdrawal of the anticipation rejections is respectfully requested. 

Rejections under 35 USC $ 103(a) 

Claims 1-3 and 7-1 1 were rejected as obvious over Leung et al. in view of Hudson and 
Kortt (Journal of Immunological Methods, 1999, Vol. 231, pages 177-189). Those claims have 
been canceled; to the extent that the rejection may be applied to the newly presented claims, 
applicants traverse. 

The Office action at page 1 1 describes Leung et al. as teaching a fragment of an antibody 
that binds to CD22, and describes Hudson and Kortt as teaching construction of diabodies. 
According to the Office action, it would have been obvious to produce a diabody from the 
Leung et al. antibody fragments because Hudson and Kortt allegedly teach there is an "advantage 
to using bivalent diabody molecules for increased tumor penetration and faster clearance rates 
than full length antibodies, however a slower clearance rate than monomeric antibody 
fragments." Applicants disagree that the prior art, taken as a whole, would have made diabodies 
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of the Leung et al. antibody fragments obvious at the time of the invention. In fact, if anything 
the prior art taught away from making anti-CD22 diabodies. 

Leung et al. discusses the anti-CD22 monoclonal antibody LL2 and a fragment thereof, 
and their use to deliver a label or other moiety for diagnostic or therapeutic purposes. Leung et 
al. does not propose that the LL2 antibody nor any fragment thereof would itself (i.e., absent an 
attached label or other effector moiety) have any therapeutic value, much less apoptosis-inducing 
activity as required by many of the present claims. Nothing in the secondary reference, Hudson 
and Kortt, contradicts that. 

Ghetie et al., WO99/02567 (cited on page 3 of the instant specification and submitted as 
document AS in the Information Disclosure Statement stamped as received by the Office on 
February 13, 2007), found that a number of monoclonal antibodies specific for various antigens 
on the surface of Daudi lymphoma cells were ineffective at signaling growth arrest or apoptosis 
of Daudi cells, unless the antibodies were converted into what Ghetie et al. referred to as 
"homoconjugates" containing two copies of the full-length antibody chemically conjugated to 
each other. One of the monoclonal antibodies tested in this way was the anti-CD22 antibody 
RFB4 that is one of the two exemplified in the present application. See FIG.2B and the 
description thereof at page 12 of Ghetie et al. FIG.2B shows that the "monomer" (i.e., the RFB4 
antibody with two heavy and two light chains) was ineffective at causing the Daudi cells to 
apoptose, while the homoconjugate (i.e., two RFB4 antibodies chemically conjugated together) 
possessed potent cytotoxicity. This evidence demonstrates that the prior art understood that 
RFB4 itself (i.e., containing two heavy chains and two light chains) possessed no apoptotic effect 
on tumor cells bearing the CD22 antigen, and that in order to produce such an effect from the 
RFB4 antibody, it is necessary to create an artificial structure possessing a total of four heavy 
chains and four light chains of RFB4. (The same proved true of a number of other anti-tumor 
antigen antibodies tested by Ghetie et al., including anti-CD19, anti-CD20, and anti-CD21 
antibodies.) Thus, one of ordinary skill, upon reading Ghetie et al., would understand that the 
only anti-CD22 antibody structures that could be expected to have an apoptotic effect on tumor 
cells would need to contain at least four heavy chain variable regions and four light chain 
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variable regions . This teaches away from the idea of preparing a diabody of an anti-CD22 
antibody, as a diabody contains only two heavy chain and two light chain variable regions. 
Based on Ghetie et al.'s teachings, such a diabody would be quite worthless. The present 
inventors quite surprisingly found that, despite this teaching away, in fact anti-CD22 diabodies 
(including one based on the same RPB4 antibody that Ghetie et al. found did not work when 
tested in a two heavy/two light chain form) possess potent cytotoxic activity against both Daudi 
and Raji cells lines. See Example 4 at page 17 of the present specification. Nothing in the cited 
prior art would have led one to expect this result. As reaffirmed by the U.S. Supreme Court in 
KSR V. Tele/lex, 127 S.Ct. 1727 (2007), teachings away in the art and surprising results are both 
cogent evidence of non-obviousness, and so must be given due weight. Accordingly, the 
presently claimed diabodies and methods of using same cannot be said to be obvious in view of 
the cited references. This is particularly true where the claim specifies the apoptotic activity of 
the diabody (i.e., claims 17-24 and 40-59) or claims a method of inducing apoptosis of a cell 
(i.e., claims 32-59). Applicants therefore request that the rejection for obviousness be 
withdrawn. 

It is believed that the above amendments and arguments place the claims in condition for 
allowance, and such action is requested. The fees in the amount of $2,462.00, including excess 
claims fees and the fee for the extension of time, are being paid concurrently herewith on the 
Electronic Filing System (EPS) by way of Deposit Account authorization. Apply any other 
charges or credits to deposit account 06-1050, referencing Attorney Docket No. 14875-0151US1. 

Respectfully submitted. 
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(57) ABSTRACT 

Recombinanl immunotoxins are fusion proteins composed 
of the Fv domains of antibodies fused to bacterial or plant 
toxins. RFB4 (Fv)-PE38 is an immunotoxin that targets 
CD22 expressed on B cells and B cell malignancies. The 
present invention provides antibodies and antibody frag- 
ments that have improved ability to bind the CD22 antigen 
of B cells and B cell malignancies compared to RFB4. 
Immunotoxins made with the antibodies and antibody frag- 
ments of the invention have improved cytotoxicity lo CD22- 
expressing cancer ceUs. Compositions that incorporate these 
antibodies into chimeric immunotoxin molecules that can be 
used in medicaments and methods for inhibiting the growth 
and proliferation of leukemia and lymphoma cells. 
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1 gat ASP D ^ 

2 Itc rip T SO 43 act TOR T 

3 caS gS o 51 <4 gtt VAI. V 

S acl ™ ? 53 46 etc LEU L 

l^l^ Q 54 47 ctg LEU L 

7 act Tra T " " 

8 aca THR T 

9 tec SER S 







18 


17 gac ASP D 


19 


le aga akg R 


20 


19 gtc VAL V 


21 


20 acc THR T 


22 


21 att ILB I 


23 


22 agt SER S 


24 


23 tgc CYS C 


2S 


24 ag:j ARG R 


26 


25 gca ALA A 


27 


26 agt SER S 


26 


27 cag GIN Q 


29 


a7A — 


30 


27B 


31 


27C — — - 


32 


27D 


33 




34 


27P 


3S 


28 gac ASP D 


36 


29 att ILE I 


37 


30 age SBR S 


36 


31 aat ASK H 


39 


32 tat TVR Y 


40 


33 tta LEU L 


41 


34 aac ASH H 


42 


35 tgg TRP w 


43 


36 tat TtR Y 


44 


37 cag OLH Q 


45 


3B cag OLH Q 


46 


39 aaa LYS K 


47 


40 cca PRO P 


■4B 


41 gat ASP D 



46 ate ILE I 

49 tac TYR Y 

50 tac TYR Y 



10 tec RFC <: SB SI aca THR T 

11 ctg IS I 59 S2 tea SER S 

12 tct SER S «0 53 ata ILE I 

13 gcc a 54 tta LEU L 

14 tct fiER <! €2 55 cac HIS H 

15 c?g lIS L f 3 56 tea SER S 
^ 64 57 gga GLY G 

JS 58 gtc VAL V 

56 59 cca PRO P 

57 60 tea SBR S 

58 61 agg ARC R 

59 €2 ttc PRE F 
TO 63 agt SER S 
n 64 ggc GLY O 
T2 65 agt SBR S 
13 66 ggg GLY G 

f< 67 tct SER S 

rs 68 gga GLY C 

16 69 aca TRR T 

n 70 gat ASP D 

IB 71 tat TYR y 

19 72 tct SER S 

iO 73 etc LEU L 

n 74 acc THR T 

12 75 att ILB I 

13 76 age SER S 
^4 77 aac ASH N 



65 


78 ctg LEU 


L 


66 


79 gag GLU 


E 


87 


80 caa GLN 


Q 


SB 


81 gaa GLU 


E 


89 


62 gat ASP 




90 


83 ttt PHE 


f 


91 


64 gcc ALA 




92 


85 act THR 


T 


93 


86 tac TYR 


y 


94 


67 ttt PHE 


F 


95 


88 tgc CYS 


c 


96 


89 caa GLN 


Q 


97 


90 cag QUa 


Q 


98 


91 ggt CLY 


G 


99 


92 aat ASH 


H 


100 


93 acg THR 


T 


101 


9.4 ctt LEU 


L 


102 


95 ccg PRO 


P 


103 


. 




104 


9SB — " 




ICS 


ssc — — - 




106' 


95P 










108 




. 


109 


96 tgg TRP 


W 


llO 


97 acg THR 


T 


111 


98 ttc PHE 


F 


112 


99 ggt OLY 


G 


113 


100 gga OLY 


G 


114 


101 ggc GLY 


G 


115 


102 acc THR 


T 


116 


103 aag LYS 


K 


117 


104 ctg LHU 


L 


lie 


105 gaa QUJ 


E 


119 


106 ate ILE 


I 


120 






121 


107 aaa LY8 


K 


122 


lOB 




123 


109 - 





FIG. 2 
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0 


2 


1 gaa GLU E 


3 


2 gtg VAL V 


4 


3 cag GLN Q 


5 


4 ctg LEU L 


6 


5 gtg VAL V 


7 


6 gdg GLU E 


g 


7 tct SER S 








v Sya will V 


11 


10 ggc GLY G 


12 


11 tta LBU L 


13 


12 ata VET, V 


14 




15 




16 


IC nrrn RT.V iS 


17 


16 ggg GLY G 


18 


17 tec SER S 


19 


18 ctg LEU L 


20 


19 aaa LYS K 


21 


20 etc LEU L 


22 


21 tec fiER S 


23 


22 tgt CYS C 


24 


23 gca JOA k 


25 


24 gcc ALU A 


26 


25 tct SER S 


27 


26 gga GLY G 


28 


27 ttc PHE F 


29 


28 get ALA A 


30 


29 tte PHE F 


31 


30 agt SER S 


32 


31 ate ILS I 


33 


32 tat TYR Y 


34 


33 gac ASP D 


35 


34 atg MET M 


36 


35 tct SBR 8 


37 


35A 


38 


35B 


39 


36 tgg TRP W 


40 


37 gtt VAL V 


41 


30 cgc ARQ R 


42 


39 cag GLH Q 


43 


40 act THR T 


44 


41 ccg PRO P 


45 


42 gag GLU B 


46 


43 aag LYS K 


47 


44 agg ARG R 


48 


45 Ctg LBU L 





4 6 gag GLU E 








50 


47 tgg TRP K 


85 


79 


tac TYR Y 




4 8 gtc VAL V 


flK 


80 


Ctg LBU L 


52 


49 gca ALA A 


A7 


81 


caa GLN Q 


53 


50 tac TYR Y 


flft 


82 


atg MET M 


54 


51 att ILB I 


ftQ 


82A age SER S 


55 


52 agt SER S 


on 


82B agt SBR S 


56 


S2A agt SER S 




82C 


ctg LBU L 


57 


52B 


92 


83 


aag LYS K 


56 


52C 




84 


tct SER S 


59 


S3 ggt GLY G 


0 

94 


85 


gag GLU E 


60 


54 ggt GLY G 


95 


86 


gac ASP D 


61 


55 ggt GLY G 


96 


87 


aca THR T 


62 


56 acc IHR T 


97 


88 


gcc ALA A 


63 


57 acc THR T 


98 


89 


atg MET M 


64 


58 tac TYR Y 


99 


90 


tat TYR Y 


65 


59 tat THl Y 


100 


91 


tac TYR Y 


66 


60 cca PRO P 


101 


92 


tgt CYS C 


67 


61 gac ASP D 


102 


93 


gca ALA A 


68 


62 act THR T 


103 


94 


aga ARG R 


69 


63 gtg VAL V 


104 


95 


cat HIS H 


70 


64 aag LYS K 


105 


96 


agt SER S 


71 


65 ggc GLY G 


106 


97 


ggc GLY G 


72 


66 cga ARG R 


107 


98 


tac TYR Y 


73 


67 ttc PHE F 


108 


99 


ggt GLY G 


74 


68 acc THR T 


109 


100 


agt SER S 


75 


69 ate ILB I 


110 


lOOA 


age SER S 


76 


70 tec SBR S 


111 


lOOB 


tac TYR Y 


77 


71 aga ARG R 


112 


lOOC 


ggg GLY G 


78 


72 gac ASP D 


113 


lOOD 


gtt VAL V 


79 


73 aat ASN N 


114 


lOOE 


ttg LEU L 


80 


74 gcc ALA A 


115 


lOOP 




81 


75 aag LYS K 


116 


1000 




82 


76 aac ASH K 


117 


lOOH 




83 


77 acc THR T 


lie 


1001 




84 


78 ctg LBU L 


119 


lOOJ 






120 


lOOK 


ttt PHE P 






121 


101 


get ALA A 






122 
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tac TYR Y 






123 
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tgg TRP M 






124 
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ggc OLY Q 






125 


105 


caa GLM Q 






126 
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ggg GLY G 






127 


107 


act THR T 






128 


lOB 


ctg LBU L 






129 
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gtc VAL V 
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act THR T 






131 


111 


gtc VAL V 






132 


112 


tct SBR S 






133 
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MUTATED ANTI-CD22 ANTIBODIES WITH 
INCREASED AFFINITY TO CD22-EXPRESSING 
LEUKEMIA CELLS 

CROSS-REFERENCES TO RELATED 
APPLlCVsaiONS 

[0001] This application claims priority from U.S. Provi- 
sional Application No. 60/325,360, filed Sep. 26, 2001, the 
contents of which are hereby incorporated by reference. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

[0002] Not applicable. 

REFERENCE TO A "SEQUENCE LISTING," A 
TABLE, OR A COMPUTER PROGRAM LISTING 
APPENDIX SUBMITTED ON A COMPACT 
DISK 

[0003] Not applicable. 

BACKGROUND OF THE INVENTION 

[0004] Hematological malignancies are a major public 
health problem. It has been estimated that in the year 2000, 
more than .50,000 new cases of non-Hodgkin's lymphoma 
and more than 30,000 new cases of leukemia occurred in the 
United States (Greenlee, R. T. et al., CA Cancer J. Clin., 50: 
7-33 (2000)) and more than 45,000 deaths were expected 
from these diseases. Many more patients live with chronic 
disease-related morbidity. Unfortunately, in a high percent- 
age of patients, conventional therapies are not able to induce 
long term complete remissions. 

[0005] In the past several years immunotoxins have been 
developed as an alternative therapeiitic approach to treat 
these malignancies. Immunotoxins were originally com- 
posed of au antibody chemically conjugated to a plaut or a 
bacterial toxin. The antibody binds to the antigen expressed 
on the target cell and the toxin is internalized causing cell 
death by arresting protein synthesis and indncing apoptosis 
(Brinkmann, U., Mol. Med. Today. 2: 439-446 (1996)), 
[0006] Hematological malignancies arc an attractive target 
for immunotoxin therapies because tumor cells are easily 
accessible and the target antigens are higlily expressed 
(Kreitman, R. J. and Pastan, I., Semin. Cancer Biol., 6: 
297-306 (1995)). One of these antigens is CD25. A clinical 
trial with immunotoxin LMB-2 (anti-Tac(Fv)PE38) that 
targets CD25 showed that the agent wa.s well tolerated and 
that it had substantial anti-tumor activity (Kreitman, R. J. et 
al.. Blood, 94: 3340-3348 (1999); Kreitman, R. J. et al., /. 
Clin. Oncol, 18: 16222-1636 (2000)). A complete response 
was observed in one patient with Hairy Cell Leukemia and 
partial responses were observed in patients with Hairy CeU 
1 £ukemia, chronic lymphocytic leukemia, cutaneous T cell 
lymphoma, Hodgkins disease and adult T cell leukemia. 
[0007] Another antigen that has been used as an immu- 
notoxin target is CD22, a lineage-restricted B cell antigen 
expressed in 60-70% of B cell lymphomas and leukeraias. 
CD22 is not present on the cell siuface in the eariy stages of 
B cell development and is not expressed on stem cells 
(Tedder, T. F. ct al., Anna. Rev. Immunol, 5: 481-504 
(1997)). Clinical trials have been conducted with an immu- 



notoxin containing an anti-CD22 antibody, REB4, or is Fab 
fragment, coupled to deglycosylated ricin A. In these trials, 
substantial clinical responses have been obser\'ed; however, 
severe and in certain cases fatal, vascular leak syndrome was 
dose hmiting (SausviUe, E. A. et al.. Blood, 85: 3457-3465 
(1995); Amlot, R L. el al.. Blood, 82: 2624-2633 (1993); 
Vitetla, E. S. el al., Cancer Res., 51: 4052-4058 (1991)). 
[0008] As an alternative approach, the RFB4 antibody was 
used to make a recombinant immunotoxin in which the Fv 
fragment in a single chain form is fused to a 38 kDa 
truncated form nf P.Keudomonas exotoxin A (PE38). PE3S 
contains the iranslocaiing and ADP ribosylating domains of 
PE but not the cell-binding portion (Hwang, J. et al., CeU, 
48: 129-136 (1987)). RFB4 (Fv)-PE38 is cytotoxic towards 
CD22-positive cells (Mansfield, E. et al., Biochem. Soc. 
Trans., 25: 709-714 (1997)). To stabilize the single chain Fv 
immunotoxin and to make it more suitable for clinical 
development, cysteine residues were engineered into frame- 
work regions of the Vg and Vj, (Mansfield, E. et al. Blood, 
90: 2020-2026 (1997)) generating the molecule RFB4 
(dsFv)-PE38. 

[0009] RFB4 (dsFv)-PE38 is able to kill leukemic cells 
from patients and induced complete remissions in mice 
bearing lymphoma xenografts (Kreitman, R. J. et al., Clin. 
Cancer Res., 6: 1476-1487 (2000); Kreitman, R. J. el al., Jnt. 
J. Cancer, 81: 148-155 (1999)). RFB4 (dsFv)-PE38 (BL22) 
is currently being evaluated in a phase I clinical trial at the 
National Cancer Institute in patients with hematological 
malignancies. Sixteen patients with purine analogue resis- 
tant hairy cell leukemia were treated with BT22 and 11 
(86%) have achieved complete remissions (Kreitman, R. J. 
et al., N. Engl. J. Med. (2001)). 

[0010] Because of the clinical benefits obtained with 
BL22, and because improved binding afBnity has been 
shown to improve selective tumor delivery of scFvs (Adams 
et al.. Cancer Res. 58: 485-490 (1998)), improving Ihe 
binding affinity of scFvs and other targeting moieties (such 
as dsFvs, Fabs. and F(ab')2) of immunoconjugales could 
improve the efficiency of these agents in delivering effector 
molecules to malignant B-cells. Improved targeting would 
likely decrease the dose necessary to achieve complete 
remission of these cancets. 

[0011] The factors that influence binding aEEnity are mul- 
tifaceted and obtaining mutant scFvs with improved affinity 
is not trivial. Although antibody-antigen crystal structure 
can suggest which residues are involved in binding, but 
atomic resolution structural data are not available for most 
antibodies. Moreover, even when such data is available it 
cannot generally be predicted which residues and which 
mutations will result in an antibody with increased antigen 
binding activity. 

BRIEF SUMMARY OF THE INVENTION 

[0012] The present invention provides improved antibod- 
ies for binding to CD22-expressing cells (a "CD22+" cell), 
especially cancer cells that express CD22 on their exterior 
surface (a "CD22+ cancer cell"). In this regard, the invention 
provides anti-CD22 antibodies with a variable light (VJ 
chain having the sequence of antibody RFB4 and a variable 
heavy (Vh) chain having the sequence of antibody RFB4, 
but in which residues 100, lOOA and lOOB of CDR3 of said 
Vjj chain (as numbered by the Kabat and Wu numbering 
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system) have an amino acid sequence selected from the 
group consisting of: THW, YNW, TTW, and STY. The 
antibody can be a full length antibody molecule, but is 
preferably a single chain Fv ("scFv"), a disulfide stabilized 
Fv ("dsFv"), an Fab, or an F(ab'). In a particularly preferred 
form, the antibody is a dsFv. (For convenience of reference, 
the term "antibody" in the text below refers to full length 
antibodies and, more preferably, to scFv, dsFv, Fab, or 
F(ab)). 

[0013] The invention further provides compositions com- 
prising one of these antibodies conjugated or fused to a 
therapeutic moiety or a detectable label. The therapeutic 
moiety can be a cytotoxin, a drug, a radioisotope, or a 
liposome loaded with a drug or a cytotoxin. In preferred 
embodiments, the effector moiety is a cytotoxin. The cyto- 
toxin can be selected from the group consisting of ricin A, 
abrin, ribotoxin, ribonuclease, saporin, calicheamycin, diph- 
theria toxin or a cytotoxic subunit or mutant thereof, a 
Pseudomonas exotoxin, a cytotoxic portion thereof, a 
mutated PseHrfonjowfls exotoxin, a cytotoxic portion thereof, 
and botulinum toxins A through F. In preferred forms, the 
cytotoxin is & Pseudomonas exotoxin or cytotoxic fragment 
thereof, or a mutated Pseudomonas exotoxin or a cytotoxic 
fragment thereof. In particularly preferred forms, the 
Pseudomonas exotoxin is selected from the group consisting 
of PE35, PE38, PE38 KDEL. PE40, PE4E, and PE38QQR. 
In the most preferred embodiment, the Pseudomonas exo- 
toxin is PE38. The compositions may further comprise a 
pharmaceutically acceptable carrier. 

[0014] The invention turther provides the use of an anli- 
CD22 antibody with a variable light (Vl) chain having the 
sequence of antibody RFB4 and a variable heavy (Vj:,) chain 
having the sequence of antibody RFB4, provided that resi- 
dues 100, lOOA and lOOB of CDR3 of said V,_j chain have 
an amino acid sequence selected from the group consisting 
of: THW, YNW, TTW, and STY, for the manufacture of a 
medicament to inhibit the growth of a CD22+ cancer cell. 
The antibody can be, for example, a full length antibody, an 
scFv, dsFv, a Fab, or a F(ab'^. In a particularly preferred 
form, the antibody is a d&Vv. Vh& invention further provides 
for the use of a composition for the manufacture of a 
medicament for inhibiting growth of a CD22+ cancer cell, 
which composition comprises an antibody as just described 
conjugated or fused to a therapeutic moiety or a detectable 
label. 'Ilie therapeutic moiety can be, for example, a cyto- 
toxm, a drug, a radioisotope, or a liposome loaded with a 
drug or a cytotoxin. In preferred forms, the therapeutic 
moiety is a cytotoxin. The cytotoxin is preferably selected 
from the group consisting of ricin A, abrin, ribotoxin, 
ribonuclease, saporin, calicheamycin, diphtheria toxin or a 
cytotoxic subunit or mutant thereof, a Pseudomonas exo- 
toxin, a cytotoxic portion thereof, a mutated Pseudomonas 
exotoxin, a cytotoxic portion thereof, and botulinum toxins 
A through F. In prefenred uses, the cytotoxin is, i Pseudomo- 
nas exotoxin or cytotoxic fragment thereof, or a mutated 
Pseudomonas exotoxin or a cytotoxic fragment thereof and, 
in particularly preferred uses, is selected from the group 
consisting of 'PE35, PE38, PE38 KDEL, PE40, PE4E, and 
PE38QQR, with PE38 being the most preferred. 

[0015] In another group of embodiments, the invention 
provides nucleic acids encoding anti-CD22 antibodies with 
a variable light (Vl) chain having the sequence of antibody 
RFB4 and a variable heavy (Vpj) chain having the sequence 



of antibody RFB4, in which residues 100, lOOA and lOOB of 
CDR3 of said V[j chain have an amino acid sequence 
selected from the group consisting of: THW, YNW, TTW, 
and STY. The antibody can, for example, be a full-length 
antibody, or can be selected from the group consisting of an 
scFv, a dsFv, a Fab, or a F(ab')2. In particularly preferred 
forms, the antibody is a dsFv. The nucleic acid can further 
encode a polypeptide which is a therapeutic moiety or a 
detectable label. The therapeutic moiety can be a drug or a 
cytotoxin. The cytotoxin can be, for example, a Pseudomo- 
nas exotoxin or cytotoxic fragment thereof, or a mutated 
Pseudomonas exotoxin or a cytotoxic fragment thereof and 
is preferably selected from the group consisting of PE35, 
PE38, PE38 KDEL, PE40, PE4E, and PE38QQR. In the 
most preferred form, the Pseudomonas exotoxin is PE38. 
The invention further provides expression vectors compris- 
ing any of the nucleic acids described above operably linked 
to a promoter. 

[001 fi] Inyel another group of embodiments, the invention 
provides methods of inhibiting growth of a CD22+ cancer 
cell. The methods comprise contacting the cell with an 
anti-CD22 antibody with a variable light (Vl) chain having 
the sequence of antibody RFB4 and a variable heavy (Vr) 
chain having the sequence of antibody RFB4, provided that 
residues 100, lOOA and lOOB of CDR3 of said Vh chain 
have an amino acid sequence selected from the group 
consisting of: THW, YNW, TTW, and STY, which antibody 
is fused or conjugated to a therapeutic moiety, which thera- 
peutic moiety inhibits growth of said cell. The antibody can 
be an scFv, a dsFv, a Fab, or a F(ab')2. In a particularly 
prefenred form, the antibody is a dsFv. The therapeutic 
moiety can be, for example, a cytotoxin, a drug, a radioiso- 
tope, or a liposome loaded with a drug or a cytotoxin. In 
preferred forms, the therapeutic moiety is a cytotoxin. The 
cytotoxin can be, for example, ricin A, abrin, ribotoxin, 
ribonuclease, saporin, calicheamycin, diphtheria toxin or a 
cytotoxic subunit or mutant thereof, a Pseudomonas exo- 
toxin, a cytotoxic portion thereof, a mutated Pseudomonas 
exotoxin, a cytotoxic portion thereof and botulinum toxins 
A through F. In preferred forms, the cytotoxin is a 
Pseudomonas exotoxin or cytotoxic fragment thereof, or a 
mutated Pseudomonas exotoxin or a cytotoxic fragment 
thereof. In particularly preferred embodiments, the 
Pseudomonas exotoxin is selected from the group consisting 
of PE35, PE38, PE38 KDEL, PE40, PE4E, and PE38QQR. 
In the most preferred embodiment, the Pseudomonas exo- 
toxin is PE38. 

[0017] The invention further provides methods for detect- 
ing the presence of a CD22+ cancer cell in a biological 
sample, said method comprising contacting cells of said 
biological sample with an anti-CD22 antibody with a vari- 
able light (VJ chain having the sequence of a Vl chain of 
antibody RFB4 and a variable heavy (V^ chain having the 
sequence of a Vj, chain antibody RFB4, provided that 
residues 100, lOOA and lOOB of CDRS of the Vh chain of 
said anti-CD22 antibody have an amino acid sequence 
selected from the group consisting of: THW, YNW, TTW, 
and STY, said antibody being fused or conjugated to a 
detectable label; and detecting the presence or absence of 
said label, wherein detecting the presence of said label 
indicates the presence of a CD22+ cancer cell in said 
sample. The antibody can be, for example, selected from the 
group consisting of an scFv, a dsFv, a Fab, or a F(ab')2. In 
a particularly preferred form, the antibody is a dsFv. 



us 2005/01 18182 Al 



3 



Jun. 2, 2005 



[0018] In another group of embodiments, the invention 
provides kits for detecting the presence of a CD22+ cancer 
cell in a biological sample, said kit comprising a container, 
and an anti-CD22 antibody with a variable light (VJ chain 
having the sequence of a chain of antibody RFB4 and a 
variable heavy (Vjj) chain having the sequence of a Vjj chain 
antibody RFB4, provided that residues 100, lOOA and lOOB 
of CDR3 of the chain of said anti-CD22 antibody have 
an amino acid sequence selected from the group consisting 
of: THW, YNW, TTW, and STY which antibody is fused or 
conjugated to a detectable label. In some embodiments, the 
antibody is selected from the group consisting of an scFv, a 
dsFv, a Fab, or a F(iih%. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] FIG. 1. FIG. 1 sets forth the nucleotide sequence 
(SHQ ID N0:3) and amino acid sequence (SHQ ID NO:4) of 
the variable region of the RFB4 light chain and the nucle- 
otide sequence (SEQ ID N0:1) and amino acid sequence 
(SEQ ID N0:2) of the variable region, of the RFB4 heavy 

[0020] FIG. 2. FIG. 2 is a print out of Entry Number 

038145 of the Kabat database showing the amino acid 
sequence (SEQ N0:4) of the variable region of the RFD4 
light chain and the Kabat position numbering corresponding 
to each amino acid residue. 

[0021] FIG. 3. FIG. 3 is a print out of Entry Number 

038146 of the Kabat database showing the amino acid 
sequence (SEQ N0:2) of the variable region of the RFB4 
heavy chain and the Kabat position numbering correspond- 
ing to each amino acid re.sidue. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] Introduction 

[0023] The present invention provides antibodies and anti- 
body fragments tbat have increased binding affinity for 
cancer cells bearing the CD22 antigen compared to the 
anti-CD22 antibody known in the art as RFB4. Mutated 
scFvs have been discovered and isolated that have increa.ses 
in affinity of from 3.5 to 15-fold the afiinity of wild-type 
RFB4. Immunotoxins made with these high affinity variants 
had a significant increase in cytotoxic activity compared to 
a like immunotoxin made with wild-type RFB4. 
[0024] These mutants change the amino acid sequence of 
the residues at positions 100, lOOA, and lOOB of CDR3 of 
the Vjj chain of RFB4 from the wild type sequence SSY to 
THW, YNW, or STY. A single amino acid change, for 
example, the one amino acid difference between the 
sequence SSY and STY, reduced the dissociation constant 
(K„) of a chimeric immunotoxin made with the resulting 
scFV to 49 ID, compared to the 85 kD of a like immunotoxin 
using the parental antibody RFB4 sequence. A change of 
SSY to TIW lowered the kD of the resulting immunotoxin 
to 24 kD. Even more impressively, the mutation of the 
residues SSY to YNW improved the aflSmty of the resulting 
immunotoxin from the 85 kD of the immunotoxin employ- 
ing the parental, wild-type RFB4 antibody to 10 kD. And, 
.substituting THW for the wild-type .sequence of SvSY 
improved the afEnity even more, to 6 kD. 
[0025] These improved affinities arc reflected in improved 
cytotoxic activity of immunotoxins made by fusing or 



conjugating the antibodies or fragments thereof which retain 
antigen recognition ability to a cytoloxin. For example, tests 
of an exemplar immunotoxin made from combining an scFv 
having an RFB4 V^ CDR3 sequence in which SSY was 
mulaled to STY to a cjlotoxin showed that the amount of the 
immunotoxin needed to inhibit 50% of the protein synthesis 
(known as the ICjo of the immunotoxin) in CD22-expressing 
cancer cells from patients was reduced by as much as much 
as 7-fold compared to a like immunotoxin made with the 
wild-type SSY sequence. Similar tests showed with an 
immunotoxin made with the THW sequence showed that Ihe 
THW sequence increased the cytotoxic activity of the immu- 
notoxin to cells of the CD22-bearing cancer chronic lym- 
phocytic leukemia by 50 times. An immunotoxin was also 
made v.fith a dsFv having the THW sequence and tested for 
cytotoxicity against cells from patients having chronic lym- 
phocytic leukemia (CLL) or hairy cell leukemia (HCL). The 
THW dsFv immunotoxin showed 10 to 40 times higher 
cytotoxicity against CLL cclk than did the wild type RFB4 
dsFv immunotoxin, and 4 to 7 times higher cytotoxicity 
against HCL cells than the wild type RFB4 dsFV immuno- 

[0026] The improved affinity of the improved antibody 
and antibody Iragmenls provided by the present invention 
can be incorporated into chimeric immunoconjugates to 
improve the ability of the chimeric immunoconjugate to 
target R-cells bearing the CD22 antigen. The immunocon- 
jugates can, for example, bear a detectable label such as a 
radioisotope or a reporter enzyme. These labeled immuno- 
conjugates be used, for example, in in vitro assays to detect 
the presence of CD22-expressing cells in a biological 
sample. Typically, the biological sample will be a blood 
sample or lymphocytes from a blood sample. 

[0027] In another set of in vitro uses, the immunoconju- 
gate bears a cyloloxin rather than a detectable label. Such 
immunotoxins can be used to purge a blood sample or 
culture of lymphocytes from a patient. The purged sample or 
culture can then be readministered to the patient to boost the 
functional white-blood cell population. 

[0028] In in vivo uses, immunotoxins made with the 
antibodies or antibody fragments of the invention can be 
used to inhibit the growth and proliferation of cancer ceUs 
bearing the CL')22 antigen. As noted in Ihe Backgroimd 
section, an immunotoxin made with the parental antibody, 
RFB4, is currently in human clinical trials and, when tested 
against an exemplar CD22-expressing cancer, caused com- 
plete remissions in 86% of the patients. The greater affinity 
of the anfihodies and antibody fragments of the invention 
compared to the parental antibody, RFB4, and the greater 
cytotoxicity of the resulting immunotoxins means that 
smaller amounts of the immunotoxins can be administered, 
thereby achieving the same therapeutic effect while reducing 
the chance of side effects. 

[0029] In preferred embodiments, the antibody is a scFv or 
a dsFv. Many of the recombinant immunotoxins produced 
from constructs of scFv are one-third the size of IgG-toxin 
chemical conjugates and are homogeneous in composition. 
Elimination of the constant portion of Ihe IgG molecule 
from the scFv results in faster clearance of the immunotoxin 
after injection into animals, including primates, and ihe 
smaller size of the conjugates improves drug penetration in 
solid tumors. Together, these properties lessen the side 
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eifects associated with the toxic moiety by reducing the time 
in which the immunotoxin (IT) interacts with non-target 
tissues and tissues that express very low levek of antigen. 
Making disulfide stabilized Fvs (dsFvs) from anti-CD22 
antibodies is discussed in the co-owned application of 
FitzGerald et al.. International Publication Number WO 
98/41641, which is incorporated herein by reference. 

[0030] These advantages, however, are offset to some 
degree by the loss of antigen binding afEnily that occurs 
when IgGs are converted to scFvs (Reiter el al., Nature 
Biotechnol. 14: 239-1245 (1996)). Increasing affinity has 
been shown to improve selective tumor delivery of .scFvs 
(Adams et al., Cancer Res. 58: 485-490 (1998)), and is likely 
to increase their usefulness in tumor imaging and treatment. 
Therefore, increasing the affinity of scFvs and other target- 
ing moieties (such as dsFvs, Fabs. and F(ab')2 of immuno- 
conjugates is desirable to improve the efficiency of these 
agents in delivering effector molecules, such as toxins and 
other therapeutic agents, to their intended targets. The 
improved afSnity of the antibodies of the invention therefore 
is an important advance in the deliverj' of toxins, drugs, and 
other therapeutic agents to cell of CD22-expressing cancers. 
[0031] In the sections below, the terms used herein are 
defined for additional clarity. The invention is described in 
more detail. Finally, the examples demonstrate the construc- 
tion and testing of exemplary immunotoxins using antibod- 
ies in which STY, YNW, TTW, or THW was substituted for 
the SSY sequence of the RFB4 antibody. 
[0032] Definitions 

[0033] Units, prefixes, and symbols are denoted in their 
Systeme International de Unites (SI) accepted form. 
Numeric ranges are inclusive of the numbers defining the 
range. Unless otherwise indicated, nucleic acids are written 
left to right in 5' to 3' orientation; amino acid sequences are 
written left to right in amino to carboxy orientation. The 
headings provided herein are not limitations of the various 
aspects or embodiments of the invention, which can be had 
by reference to the specification as a whole. Accordingly, the 
terms defined immediately below are more fully defined by 
reference to the specification in its entirety. 

[0034] "CD22" refers to a lineage-restricted B cell antigen 
belonging to the Ig superfamily. It is expressed in 60-70% of 
B cell lymphomas and leukemias and is not present on the 
cell surface in early stages of B cell development or on stem 
cells. See, e.g. Vaickus et al., Crit. Rev. Oncol/Hematol. 11; 
267-297 (1991). 

[0035] As used herein, the term "anti-CD22" in reference 
to an antibody, refers to an antibody that specifically binds 
CD22 and includes reference to an antibody which is 
generated against CD22. In preferred embodiments, the 
CD22 is a primate CD22 such as human CD22. In a 
particularly preferred embodiment, the antibody is generated 
again.st human (;i)22 synthe.sized by a non-primate mammal 
after introduction into the animal of cDNA which encodes 
human CD22. 

[0036] "RFB4" refers to a mouse IgGl monoclonal anti- 
body that specifically binds to human CD22. RFB4 is 
commercially available under the name RFB4 from several 
sources, such as Southern Biotechnology Associates, Inc. 
(Birmingham Ala.; Cat. No. 9360-01) and Autogcn Bioclcar 
UK Ltd. (Caine, Wilts, UK; Cat. No. AB147). RFB4 is 



highly specific for cells of the B lineage and has no detect- 
able cros.s-reactivity with other normal cell types. Li et al.. 
Cell. Immunol. 118: 85-99 (1989). The heavy and light 
chains of RFB4 have been cloned. See, Mansfield et al., 
Bbod 90: 2020-2026 (1997), which is incorporated herein 
by reference. The nucleotide sequence and amino acid 
sequences of the RFB4 heavy chain arc SEQ ID N0:1 and 
SEQ ID N0:2, respectively. The nucleotide sequence and 
amino acid sequences of the RFB4 light chain are SEQ ID 
N0:3 and SEQ ID N0:4, respectively. The sequences are set 
forth in FTG. 1. 

[0037] Unless otherwise indicated, references herein to 
amino acid positions of the RFB4 heavy or Ughl chain refer 
to the numbering of the amino acids under the "Kabat and 
Wu" system. See, Kabat, E., et al., SEQUENCES OF 
PROTEINS OF IMMUNOLOGICAL INTEREST U.S. 
Government Printing Office, NIH Publication No. 91-3242 
(1991), which is hereby incorporated by reference system. It 
should be noted that the number accorded to a residue under 
the Kabat and Wu system does not necessarily correspond to 
the number that one might obtain for a residue in a given 
heavy or light chain by counting from the amino terminus of 
that chain. FIGS. 2 and 3 show the correlation between the 
sequential numbering of the residues of the RFB4 light and 
heavy chains and the Kabat and Wu numbering of those 
residues. For convenience, the "Kabat and Wu" numbering 
is sometimes referred to herein as "Kabat" numbering. 

[0038] As used herein, "antibody" includes reference to an 
immunoglobulin molecule immunologically reactive with a 
particular antigen, and includes both polyclonal and mono- 
clonal antibodies. The term also includes genetically engi- 
neered forms such as chimeric antibodies (e.g., humanized 
murine antibodie.s), heteroconjugate antibodies (e.g., hi.spe- 
ciflc antibodies), recombinant single chain Fv fragments 
(scFv), and disulfide stabilized (dsFv) Fv fragments (see, 
co-owned U.S. Pat. No. 5,747,654, wliich is incorporated 
herein by reference). The term "antibody" also includes 
antigen binding forms of antibodies (e.g.. Fab', F(ab')2, Fab, 
Fv and rigG. See also, Pierce Catalog and Handbook, 
1994-1995 (Pierce Chemical Co., Rockford, lU.); Goldsby et 
al., eds., Kuby, J., Immunology, 4th Ed., W.H. Freeman & 
Co., New York (2000). 

[0039] An antibody immunologically reactive with a par- 
ticular antigen can be generated by recombinant nethods 
such as selection of libraries of recombinant antibodies in 
phage or simUar vectors, see, e.g., Huse, et al.. Science 246: 
1275-1281 (1989); Ward, et al, ATatere 341: 544-546 (1989); 
and Vaughan, et al., Nature Biotech. 14: 309-314 (1996), or 
by immunizing an animal with the antigen or with DNA 
encoding the antigen. 

[0040] Typically, an immunoglobulin has a heavy and 
light chain. Each hea\7 and light chain contains a constant 
region and a variable region, (the regions are also known as 
"domains"). Light and heavy chain variable regions contain 
a "framework" region interrupted by three hyper\'ariable 
regions, also called "complementarity-determining regions" 
or "CDRs". The extent of the framework region and CDRs 
have been defined. See, Kabat and Wu, supra. The sequences 
of the framework regions of different light or heavy chains 
are relatively conserved within a species. The framework 
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region of an antibody, that is the combined framework 
regions of the constituent hght and heavy chains, serves to 
position and align the CDRs in three dknensional space. 

[0041] The CDRs are primarily responsible for binding to 
an epitope of an antigen. The CDRs of each chain are 
typically referred to as CDRl, CDR2, and CDR3, numbered 
sequentially starting from the N-terminus, and are also 
typically idcnlilled by the chain in which the particular CDR 
is located. Thus, a Vjj CDR3 is located in the variable 
domain of the heavy chain of the antibody in which it is 
found, whereas a CDRl is the CDRl from the variable 
domain of the light chain of the antibody in which it is 

[0042] References to "Vh" or a "VH" refer to the variable 
region of an immunoglobulin heavy chain, including an Fv, 
sci-'v, d.sFv or Fab. References to "Vl" or a " VL" refer to the 
variable region of an immunoglobulin light chain, includmg 
of an Fv, scFv, dsFv or Fab. 

[0043] The phrase "single chain Fv" or "scFv" refers to an 
antibody in which the variable domains of the heavy chain 
and of the Light chain of a traditional two chain antibody 
have been joined to form one chain. Typically, a linker 
peptide is inserted between the two chains to allow for 
proper folding and creation of an active binding site. 

[0044] The term "linker peptide" includes reference to a 
peptide within an antibody binding fragment (e.g., Fv frag- 
ment) which serves to indirectly bond the variable domain of 
the heavy chain to the variable domain of the light chain. 

[0045] The term "parental antibody" means any antibody 
of interest which is to be mutated or varied to obtain 
antibodies or fragments thereof which bind to the same 
epitope as the parental antibody, bui with higher affinity. 

[0046] The term "hotspot" means a portion of a nucleotide 
sequence of a CDR or of a framework region of a variable 
domain which is a site of particularly high natural variation. 
Although CDRs are themselves considered to be regions of 
hypervariability, it has been learned that mutations are not 
evenly distributed throughout the CDRs. Particular sites, or 
hotspots, have-been identified as these locations which 
undergo concentrated mutations. ITie hotspots are charac- 
terized by a number of structural features and sequences. 
These "hotspot motifs" can be used to identify hotspots. Two 
consensus sequences motifs which are especially well char- 
acterized are the tetranucleotide sequence RGYW and the 
serine sequence AGY, where R is A or G, Y is C or T, and 
WisAorT 

[0047] A "targeting moiety" is the portion of an immuno- 
conjugate intended to target the immunoconjugate to a cell 
of interest. Typically, the targeting moiety is an antibody, a 
,scFv, a dsFv, an Fab, or an F(ab')2. 

[0048] A "toxic moiety" is the portion of a immunotoxin 
which renders the immunotoxin cytotoxic to cells of interest. 

[0049] A "therapeutic moiety" is the portion of an immu- 
noconjugate intended to act as a therapeutic agent. 

[0050] The term "therapeutic agent" includes any number 
of compounds currently known or later developed to act as 
anti-neoplastics, anli-inflammatories, cytokines, anti-infec- 
tivcs, enzyme activators or inhibitors, allostcric modifiers, 
antibiotics or other agents administered to induce a desired 



therapeutic effect in a patient. The therapeutic agent may 
also be a toxin or a radioisotope, where the therapeutic effect 
intended is, for example, Ihe killing of a cancer cell. 

[0051] A "detectable label" means, with respect to an 
immunoconjugate, a portion of the immunoconjugate which 
has a property rendering its presence detectable. For 
example, the immunoconjugate may be labeled with a 
radioactive isotope which permits cells in which the immu- 
noconjugate is present to be detected in immunohistochemi- 

[0052] The term "effector moiety" means the portion of an 
immunoconjugate iatended to have an effect on a cell 
targeted by the targeting moiety or to identify the presence 
of the immunoconjugate. Thus, the effector moiety can be, 
for example, a therapeutic moiety, a toxin, a radiolabel, or a 
fluorescent label. 

[0053] The term "immunoconjugate" includes reference to 
a covalcnt hnkagc of an effector molecule to an antibody. 
The effector molecule can be an immunotoxin. 

[0054] The tcniis "effective amounl" or "amount effective 
to" or "therapeutically effective amounl" includes reference 
to a dosage of a therapeutic agent suiScient to produce a 
desired result, such as inhibiting cell protein synthesis by at 
least 50%, or killing the cell. 

[0055] The term "toxin" includes reference to abrin, ricin, 
Pseudomonas exotoxin (PE), diphtheria toxin (DT), botuU- 
num toxin, or modified toxins thereof. For example, PE and 
DT are highly toxic compounds that typically bring about 
death through liver toxicity. PE and DT, however, can be 
modified into a form for use as an immunotoxin by removing 
the native targeting component of the toxin (e.g., domain la 
of PE or the B chain of DT) and replacing it with a different 
targeting moiety, such as an antilx>dy. 

[0056] The term "contacting" includes reference to place- 
ment in direct physical association. 

[0057] An "expression plasmid" comprises a nucleotide 
sequence encoding a molecule or interest, which is operably 
linked to a promoter. 

[0058] As used herein, "polypeptide", "peptide" and "pro- 
tein" are used interchangeably and include reference to a 
polymer of amino acid residues. The terms apply to amino 
acid polymers in which one or more amino acid residue is an 
artiiicial chemical analogue of a corresponding naturally 
occurring amino acid, as well as to naturally occurring 
amino acid polymers. The terms also apply to polymers 
containing conservative amino acid substitutions such that 
the protein remains functional. 

[0059] The term "re.sidue" or "amino acid residue" or 
"amino acid" includes reference to an amino acid that is 
incorporated into a protein, polypeptide, or peptide (collec- 
tively "peptide"). Tlie amino acid can be a naturally occur- 
ring amino acid and, unless otherwise limited, can encom- 
pass known analogs of natural amino acids that can function 
in a similar manner as naturally occurring amino acids. 
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[0060] The amino acids and analogs referred to herein are 
described by shorthand designations as follows in Table A: 



Methionine 
Methionine sulfo: 
Methionine 
methylsulfonium 



Triptophan 
^^line 



[0061] "conservative substitution", v/hen describing a pro- 
tein refers to a change in the amino acid composition of the 
protein that does not substantially alter the protein's activity. 
Thus, "conservatively modified variations" of a particular 
amino add sequence refers to amino acid substitutions of 
those amino adds that are not critical for protein activity or 
substitution of amino acids with other amino acids having 
similar properties (e.g., acidic, basic, positively or nega- 
tively charged, polar or non-polar, etc.) such that the sub- 
stitutions of even critical amino acids do not substantially 
alter activity. Consers'ative substitution tables providing 
functionally similar amino acids are well knovra in the art. 
The following six groups in Table B each contain amino 
acids that are conservative substitutions for one another: 



1) Alanijic (A), Serine (S), Threonit 

2) Aspaitic acid (D), Glutamic acid 

3) Asparagine (N), GhiUimine (Q); 



6) Phenylalanine (F), l>ros 



See also, Creighton, PROTEINS, W. 11. Freeman and Company, New York 

(1984). 

[0062] The terms "substantially similar" in the context of 
a peptide indicates that a peptide comprises a sequence with 
at least 90%, preferably at least 95% sequence identity to the 
reference sequence over a comparison window of 10-20 
amino acids. Percentage of sequence identity is determined 
by comparing two optimally aligned sequences over a 
comparison window, wherein the portion of the polynucle- 
otide sequence in the comparison window may comprise 
additions or deletions (i.e., gaps) as compared to the refer- 
ence sequence (which does not comprise additions or dele- 



tions) for optimal alignment of the two sequences. The 
percentage is calculated by determining the number of 
positions at which the identical nucleic acid base or amino 
add residue occurs in both sequences to yield the number of 
matched positions, dividing the number of matched posi- 
tions by the total number of positions in the window of 
comparison and multiplying the result by 100 to yield the 
percentage of sequence identity. 

[0063] The phrase "disulfide bond" or "cysteine-cysteine 
disulfide bond" refers to a covalent interaction between two 
cysteines in which the sulfur atoms of the cysteines are 
oxidized to form a disulfide bond. The average bond energy 
of a disulfide bond is about 60 kcal/mol compared to 1-2 
kcal/mol for a hydrogen bond. In the context of this inven- 
tion, the cysteines which form the disulfide bond are within 
the firamework regions of the single chain antibody and 
serve to stabilize the conformation of the antibody. 
[0064] The terms "conjugating,""joining,""bonding" or 
"linking" refer to making two polypeptides into one con- 
tiguous polypeptide moleaile. In the context of the present 
invention, the terms include reference to joining an antibody 
moiety to an effector molecule (EM). The linkage can be 
either by chemical or recombinant means. Chemical means 
refers to a reaction between the antibody moiety and the 
efleclor molecule such that there is a covalent bond formed 
between the two molecules to form one molecule. 
[0065] As used herein, "recombinant" includes reference 
to a protein produced using cells that do not have, in their 
native stale, an endogenous copy of the DNAable to express 
the protein. The cells produce the recombinant protein 
because they have been genetically altered by the mtroduc- 
tion of the appropriate isolated nucleic acid sequence. The 
term also includes reference to a cell, or nucleic acid, or 
vector, thai has been modified by the introduction of a 
heterologous nucleic acid or the alteration of a native nucleic 
acid to a form not native to that cell, or that the cell is derived 
fi-om a cell so modified. Thus, for example, recombinant 
cells express genes that are not found within the native 
(non-recombinanl) form of the ceU, express mutants of 
genes that are found within the native form, or express 
native genes that are otherwise abnormally expressed, 
underexpressed or not expressed at all. 

[0066] As used herein, "nucleic acid" or "nucleic acid 
sequence" includes reference to a denxyribonucleotide or 
ribonucleotide polymer in either single- or double-stranded 
form, and unless otherwise limited, encompasses known , 
analogues of natural nucleotides that hybridize to nucleic 
acids in a manner similar to naturally occurring nucleotides. 
Unless othenvise indicated, a particular nucleic acid 
sequence includes the complementary sequence thereof as 
well as conservative variants, i.e., nucleic acids present in 
wobble positions of codons and variants that, when trans- 
lated into a protein, result in a conservative substitution of 

[0067] As used herein, "encoding" with respect to a speci- 
fied nucleic acid, includes reference to nucleic acids which 
comprise the information for translation into the specified 
protein. The information is specified by the use of codons. 
Typically, the amino acid sequence is encoded by the nucleic 
acid using the "universal" genetic code. However, variants 
of the universal code, such as is present in some plant, 
animal, and fiingal mitochondria, the bacterium Myco- 
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plasma capricolum (Proc. Nat' I Acad. Sci. USA 82: 2306- 
2309 (1985), or the ciliate Macronucleus, may be used when 
the nucleic acid is expressed in using the translational 
machinery of these organisms. 

[0068] The phrase "fusing in frame" refers to joining two 
or more nucleic acid sequences which encode polypeptides 
so that the joined nudeic acid sequence translates into a 
single chain protein which comprises the original polypep- 
tide chains. 

[0069] As used herein, "expressed" includes reference to 
translation of a nucleic acid into a protein. Proteins may be 
expressed and remain intracellular, become a component of 
the cell surface membrane or be secreted into the extracel- 
lular matrix or medium. 

[0070] By "host cell" is meant a cell which can support the 
replication or expression of the expression vector. Host cells 
may be prokaryotic cells such as E. colt, or eukaryotic cells 
such as yeast, insect, amphibian, or mammalian cells. 

[0071] The phrase "phage display library" refers to a 
population of bacteriophage, each of which contains a 
foreign cDNA recombinanlly fused in frame to a surface 
protein. The phage display the foreign protein encoded by 
the cDNAon its surface. After replication in a bacterial host, 
typically E. coli, the phage which contain the foreign cDNA 
of interest are selected by the expression of the foreign 
protein on the phage surface. 

[0072] Tlie terras "identical" or percent "identity," in the 
context of two or more nucleic acids or polypeptide 
sequences, refer to two or more sequences or subsequences 
that are the same or have a specified percentage of amino 
acid residues or nucleotides that are the same, when com- 
pared and aligned for maximum correspondence, as mea- 
sured using one of the following sequence comparison 
algorithms or by visual inspection. 

[0073] The phrase "substantially identical," in the context 
of two nucleic acids or polypeptides, refers to two or more 
sequences or subsequences that have al least 60%, more 
preferably 65%, even more preferably 70%, still more 
preferably 75%, even more preferably 80%, and most pref- 
erably 90-95% nucleotide or amino acid residue identity, 
when compared and aligned for maximum correspondence, 
as measured using one of the following sequence compari- 
son algorithms or by visual inspection. Preferably, the 
substantial identity exists over a region of the sequences that 
is at least about 50 residues in length, more preferably over 
a region of at least about 100 residues, and most preferably 
the sequences are substantially identical over at least about 
150 residues. In a most preferred embodiment, the 
sequences are substantially identical over the entire length of 
the coding regions. 

[0074] For sequence comparison, typically one sequence 
acts as a reference sequence, to which test sequences are 
compared. When using a sequence comparison algorithm, 
test and reference sequences are input into a computer, 
subsequence coordinates are designated, if necessary, and 
sequence algorithm program parameters are designated. The 
sequence comparison algorithm then calculates the percent 
sequence identity for the test sequence(s) relative to the 
reference sequence, based on the designated program 
parameters. 



[0075] Optimal alignment of sequences for comparison 
can be conducted, e.g., by the local homology algorithm of 
Smith & Waterman, Adv. Appl. Math. 2: 482 (1981), by the 
homology alignment algorithm of Needleman & Wunsch, X 
Mol. Biol. 48: 443 (1970), by the search for similarity 
method of Pearson & Lipman, Proc. Nat'l. Acad. Sci. USA 
85: 2444 (1988), bv computerized implementations of these 
algorithms (GAP, BESTFIT, PASTA, and TFASTA in the 
Wisconsin Genetics Software Package, Genetics Computer 
Group, 575 Science Dr., Madison, Wis.), or by visual 
inspection (see generally. Current Protocol.^: in Molecular 
Biology, F. M. Ausubel el al„ eds.. Current Protocols, a joint 
venture between Greene Publishing Associates, Inc. and 
John WHey & Sous, Lac, (1995 Supplement) (Ausubel)). 

[0076] Examples of algorithms that are suitable for deter- 
mining percent sequence identity and sequence similarity 
are the BLAST and BLAST 2.0 algorithms, which are 
described in Altschul ct al. 1990) J. Mol. Biol. 215: 403-410 
and AJlschuel et al. (1977) Nucleic Acids Res. 25: 3389- 
3402, respectively. Software for performing BLAST analy- 
ses is publicly available through the National Center for 
Biotechnology Information (hllp://w\vw,ncbi. nlm.nih.gov/). 
This algorithm involves lirsl identifying high scoring 
sequence pairs (HSPs) by identifying short words of length 
W in the query sequence, which either match or satisfy some 
positive-valued threshold score T when aligned with a word 
of the same length in a database sequence. T is referred to 
as the neighborhood word score threshold (Altschul et al, 
supra). These initial neighborhood word hits act as seeds for 
initiating searches to find longer HSPs containing them. The 
word hits are then extended in both directions along each 
sequence for as far as the cumulative ahgnment score can be 
increa.sed. (Cumulative scores are calculated using, for nucle- 
otide sequences, the parameters M (rev.'ard .score for a pair 
of matching residues; always >0) and N (jjenalty score for 
mismatching residues; always <0). For amino acid 
sequences, a scoring matrix is used to calculate the cumu- 
lative score. Extension of the word hits in each direction are 
halted when: the cumulative alignment score falls off by the 
quantity X from its maximum achieved value; the cumula- 
tive score goes to zero or below, due to the accumulation of 
one or more negative-scoring residue alignments; or the end 
of either sequence is reached. The BLAST algorithm param- 
eters W, T, and X determine the sensitivity and speed of the 
alignment. The BLASTN program (for nucleotide 
sequences) uses as defaults a wordlength (W) of 11, an 
expectation (E) of 10, M=5, N=-4, and a comparison of both 
strands. For amino acid sequences, the BLASTP program 
uses as defaults a wordlength (W) of 3, an expectation (E) 
of 10, and the BLOSUM62 scoring matrix (see Ilenikoff & 
Heniko£f,P;-oc. Natl. Acad. Sci. USA 89: 10915 (1989)). 

[0077] In addition to calculating percent sequence identity, 
the BLAST algorithm also performs a statistical analysis of 
the similarity between two sequences (see, e.g., Karlin & 
Altschul, Proc. Nat'l. Acad. Sci. USA 90: 5873-5787 
(1993)). One measure of similarity provided by the BLAST 
algorithm is the smallest sum probability (P(N)), which 
provides an indication of the probabihty by which a match 
between two nucleotide or amino acid sequences would 
occur by chance. For example, a nucleic acid is considered 
similar to a reference sequence if the smallest sum prob- 
ability in a comparison of the test nucleic acid to the 



us 2005/0118182 Al 



8 



Jun. 2, 2005 



reference nucleic acid is less than about 0.1, more preferably 
less than about 0.01, and most preferably less than about 
0.001. 

[0078] A further indication that two nucleic acid 
sequences or polypeptides are substantially identical is that 
the polypeptide encoded by the first nucleic acid is immu- 
nologically cross reactive with the polypeptide encoded by 
the second nucleic acid, as described below, Thus, a 
polypeptide is typically substantially identical to a second 
polypeptide, for example, where the two peptides differ only 
by conservative substitutions. Another indication that two 
nucleic acid sequences are .substantially identical is that the 
two molecules hybridize to each other under stringent con- 
ditions, as described below. 

[0079] The term "in vivo" includes reference to inside the 
body of the organism from which the cell was obtained. "Ex 
vivo" and "in vitro" means outside the body of the organism 
from which the cell was obtained. 

[0080] The phrase "malignant cell" or "malignancy" 
refers to tumors or tumor cells that arc invasive and/or able 
to undergo metastasis, i.e., a cancerous cell. 

[0081] As used herein, "mammalian cells" includes refer- 
ence to cells derived from mammals includuig humans, rals, 
mice, guinea pigs, chimpanzees, or macaques. The cells may 
be cultured in vivo or in vitro. 

[0082] The term "selectively reactive" refers, with respect 
to an antigen, the preferential association of an antibody, in 
whole or part, with a cell or tis.sue bearing that antigen and 
not to cells or tissues lacking that antigen. It is, of course, 
recognized that a certain degree of non-specific interaction 
may occur between a molecule and a non-target cell or 
tissue. Nevertheless, selective reactivity, may be distin- 
guished as mediated through specific recognition of the 
antigen. Although selectively reactive antibodies bind anti- 
gen, they may do so with low affinity. On the other hand, 
specific binding results in a much stronger association 
between the antibody and cells bearing the antigen than 
between the bound antibody and cells lacking the antigen. 
Specific binding typically results in greater than 2-fold, 
preferably greater than 5-fold, more preferably greater than 
10-fold and most preferably greater than 100-fold increase 
in amount of bound antibody (per unit time) to a cell or 
tissue bearing CD22 as compared to a cell or tissue lacking 
CD22. Specific binding to a protein under such conditions 
requires an antibody that is selected for its specificity for a 
particular protein. A variety of immunoassay formats are 
appropriate for selecting antibodies specifically imraunore- 
active with a particular protein. For example, solid-phase 
ELISA immunoassays arc routinely used to select mono- 
clonal antibodies specifically immunoreactive with a pro- 
tein. See Harlow & Lane, ANTIBODIES, A LABORA- 
TORY MANUAL, Cold Spring Harbor Publications, New- 
York (1988), for a description of immunoassay formats and 
conditions that can be used to determine specific immunore- 
activity. 

[0083] The term "immunologically reactive conditions" 
includes reference to conditions which allow an antibody 
generated to a particular epitope to bind to that epitope to a 
detectably greater degree than, and/or to the substantial 
exclusion of, binding to substantially all other epitopes. 
Immunologically reactive conditions are dependent upon the 



format of the antibody binding reaction and typically are 
those utUized in immunoassay protocols or those conditions 
encountered in vivo. See Harlow & Lane, supra, for a 
description of immunoassay formats and conditions. Pref- 
erably, the immunologically reactive conditions employed in 
the methods of the present invention are "physiological 
conditions" which include reference to conditions (e.g., 
temperature, osmolarity, pH) that are typical inside a living 
mammal or a mammalian cell. While it is recognized that 
some organs are subject to extreme conditions, the intra- 
organismal and intracellular environment normally lies 
around pH 7 (i.e., from pH 6.0 to pH 8.0, more typically pH 
6.5 to 7.5), contains water as the predominant solvent, and 
exists at a temperature above 0° C. and below 50° C. 
Osmolarity is within the range that is supportive of cell 
viabiKty and proliferation. 

[0084] Numbering of Amino Acid Residues io the RFB4 

Heavy and Light Chains 

[0085] The positions of amino acid residues in an antibody 
heavy chain or light chain are conveniently referred to in the 
art by standard numbering as set forth in Kabat, E., et al., 

sequenc;es oh proteins ok immunolocjicai, 

INTEREST, U.S. Government Printing OfiHce, NIH Publi- 
cation No. 91-3242 (1991). See also, Johnson, G. and Wu, 
T., Nuc. Acids Res. 29: 205-206 (2001). The Kabat et al. 
database is typically referred to in the art as either "Kabat" 
or "Kabat and Wu". It is now maintained on-line al hftp:// 
immuno.bme.nwu.edu/. The heavy and tight chains of RE'B4 
have been cloned. See, Mansfield el al., Blood 90: 2020- 
2026 (1997), The amino acid sequences of the RFB4 and 
Vjj chains and a list of the Kabat numbering of the position 
of each amino acid residue are set forth in the Kabat 
database under Entry Numbers 038145 and 038146, respec- 
tively. FIG. 2 shows the comparison of the numbering of Ihc 
amino acids of the RFB4 Vl chain to the corresponding 
Kabat positions as set forth in Kabat Entry 038145; FIG. 3 
shows the same comparison for the amino acids of Ihe RFB4 
Via chain, as set forth in Kabat Entry 038146. 

[0086] Binding of Antibodies and Immunoassays 

[0087] A. Binding Affinity of Antibodies 

[0088] The antibodies of this invention bind to their target 
antigens with an affinity belter than that of Ihe parental 
RFB4 antibody The antibodies are anti-CD22 antibodies 
which bind to an e,xtracellular epitope of CD22. Binding 
affinity for a target antigen is typically measured or deter- 
mined by standard antibody-antigen assays, such as com- 
petitive assays, saturation assays, or immunoassays such as 
ELISA or RIA. 

[0089] Such assays can be used to determine the disso- 
ciation constant of the antibody. The phrase "dissociation 
constant" refers to the affinity of an antibody for an antigen. 
Specificity of binding between an antibody and an antigen 
exists if the dissociation constant (Ke,=1/K, where K is the 
affinity constant) of the antibody is <1 /(M, preferably <100 
nM, and most preferably <0,1 nM, Antibody molecules will 
typically have a K^ in the lower ranges. KD=[Ab-Ag]/[Ab] 
[Ag] where [Ab] is Ihe concentration at equilibrium of Ihe 
antibody, [Ag] is the concentration at equitibrium of Ihe 
antigen and [Ab-Ag] is the concentration at equilibrium of 
the antibody-antigen complex. Typically, the binding inter- 
actions between antigen and antibody include reversible 
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Doncovalent associations such as electrostatic attraction. Van 
der Waals forces and hydrogen bonds. ITiis method of 
defining binding specificity applies to single heavy and/or 
light chains, CDRs, fusion proteins or fragments of heavy 
and/or light chains, that are specific for CD22 if Ihey bind 
CD22 alone or in combination. 

[0090] B. Immunoassays 

[0091] The antibodies can be detected and/or quantified 
using any of a number of well recognized immunological 
binding assays (see, e.g., U.S. Pat. Nos. 4,366,241; 4,376, 
110; 4,517,288; and 4,837,168). For a review of the general 
immunoassays, see also METHODS IN CELL BIOLOGY, 
VOL. 37, Asai, ed. Academic Press, Inc. New York (1993); 
BASIC AND CLINICAL IMMUNOLOGY 7TH EDITION, 
Stiles & Terr, eds. (1991). Immunological binding assays (or 
immunoassays) typically utilize a ligand (e.g., CD22) to 
specifically bind to and often immobilize an antibody. The 
antibodies employed in immunoassays of the present inven- 
tion are discussed in greater detail supra. 

[0092] Immunoassays also often utilize a labeling agent to 
specifically bind to and label the binding complex farmed by 
the ligand and the antibody. The labeling agent may itself be 
one of the moieties comprising the aniibody/analyte com- 
plex, i.e., the anti-CD22 antibody. Alternatively, the labeling 
agent may be a third moiety, such as another antibody, that 
specifically binds to the antibody/CD22 protein complex. 

[0093] In one aspect, a competitive assay is contemplated 
wherem the labeling agent is a second anti-CD22 antibody 
bearing a label. The two antibodies then compete for binding 
to the immobihzod CD22. Alternatively, in a non-competi- 
tive format, the CD22 antibody lacks a label, but a second 
antibody specific to antibodies of the species firom which the 
anti-CD22 antibody is derived, e.g., murine, and which 
binds the anti-CD22 antibody, is labeled. 

[0094] Other proteins capable of specifically binding 
immunoglobulin constant regions, such as Protein A or 
Protein G may also be used as the label agent. These proteins 
are normal constituents of the cell walls of streptococcal 
bacteria. They exhibit a strong non-immunogenic reactivity 
with immunoglobulin constant regions from a variety of 
species (see, generally Kronval, ct al., J. Immunol. Ill: 
1401-1406 (1973); and Akerstrom, et al.,/. Immunol. 135: 
2589-2542 (1985)). 

[0095] Throughout the assays, incubation and/or washing 
steps may be required after each combination of reagents. 
Incubation steps can vary from about 5 seconds lo several 
hours, preferably from about 5 minutes to about 24 hours. 
However, the incubation time will depend upon the assay 
format, antibody, volume of solution, concentrations, and 
the like. Usually, the assays will be carried out at ambient 
temperature, although they can be conducted over a range of 
temperatures, such as 10° C. to 40° C. 

[0096] While the details of the immunoassays of the 
present invention may vary with the particular formal 
employed, the method of detecting anti-CD22 antibodies in 
a sample containing the antibodies generally comprises the 
steps of contacting the sample with an antibody which 
specifically reacts, under immunologically reactive condi- 
tions, to the CD22/antibody complex. 



[0097] Production of Immuinoconjugates 

[0098] Immunoconjugates include, but are not limited to, 
molecules in which there is a covalent linkage of a thera- 
peutic agent to an antibody. A therapeutic agent is an agent 
with a particular biological activity directed against a par- 
ticular target molecule or a cell bearing a target molecule. 
One of .skill in the art will appreciate that therapeutic agents 
may include various drugs such as vinblastme, daunomycin 
and the like, cytotoxins such as native or modified 
Pseudomonas exotoxin or Diphtheria toxin, encapsulating 
agents, (e.g., liposomes) which themselves contain pharma- 
cological compo.sitions, radioactive agents such as ^^^T, '^P, 
"C, ^H and ^S and other labels, target moieties and ligands. 

[0099] The choice of a particular therapeutic agent 
depends on the particular target molecule or cell and the 
biological effect is desired to evoke. Thus, for example, the 
therapeutic agent may he a cytotoxin which is used to bring 
about the death of a particular target cell. Conversely, where 
it is merely desired to invoke a non-lelhal biological 
response, the therapeutic agent may be conjugated to a 
non-lethal pharmacological agent or a liposome containing 
a non-lethal pharmacological agent. 

[0100] With the therapeutic agcnis and antibodies herein 
provided, one of skill can readily construct a variety of 
clones containing functionally equivalent nucleic acids, such 
as nucleic acids which differ in sequence but which encode 
the same KM or antibody sequence. Thus, the present 
invention provides nucleic acids encoding antibodies and 
conjugates and fusion proteins thereof. 

[0101] A. Recombinant Methods 

[0102] The nucleic acid sequences of the present invention 
can be prepared by any suitable method including, for 
example, cloning of appropriate sequences or by direct 
chemical synthesis by methods such as the phosphotriester 
method of Narang, el al., Meth. Enzymol. 68: 90-99 (1979); 
the phosphodiester method of Brown, et al. Math. Enzymol. 
68: 109-151 (1979); the diethylphosphoramidite method of 
Beaucage, et al., Tetra. Lett. 22: 1859-1862 (1981); the solid 
phase phosphoramidite triester method described by Beau- 
cage & Caruthers, Tetra. Letts. 22(20): 1859-1862 (1981), 
e.g., using an automated synthesizer as described in, for 
example, Needham-VanDevanter, et i\. Nucl. Acids Res. 12: 
6159-6168 (1984); and, the solid support method of U.S. 
Pat. No. 4,458,066. Chemical synthesis produces a single 
stranded oligonucleotide. This may be converted into double 
stranded DNA by hybridization with a complementary 
sequence, or by polymerization with a DNA polymerase 
using the single strand as a template. One of skill would 
recognize that while chemical synthesis of DNA is limited tu 
sequences of about 100 bases, longer sequences may be 
obtained by the ligation of shorter sequences. 

[0103] In a preferred embodiment, the nucleic acid 
sequences of this invention are prepared by cloning tech- 
niques. Examples of appropriate cloning and sequencing 
techniques, and instructions sufficient to direct persons of 
skiU through many cloning exercises are found in Sam- 
brook, et al., MOLECULAR CLONING: A LABORATORY 
MANUAL (2ND ED.), Vols. 1-3, Cold Spring Harbor 
Laboratory (1989)), Berger and Kimmel (eds.), GUIDE TO 
MOLECULAR CLONING TECHNIQUES, Academic 
Press, Inc., San Diego Calif. (1987)), or Ausubel, et al. 
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(eds.), CURRENT PROTOCOLS IN MOLECULAR BIOL- 
OGY, Greene Publishing and Wiley-Interscience, NY 
(1987). Product information from manufacturers of biologi- 
cal reagents and experimental equipment also provide useful 
information. Such manufacturers include the SIGMA chemi- 
cal company (Saint Louis, Mo.), R&D systems (Minneapo- 
lis, Minn.), Pharmacia LKB Biotechnology (Piscataway, 
N.J.), CLONTECH Laboratories, Inc. (Palo Alto, Calif.), 
Chem Genes Corp., Aldrich Chemical Company (Milwau- 
kee, Wis.), Glen Research, Inc., GIBCO BRL Life Tech- 
nologies, Inc. (Gailhersberg, Md.), Fluka Chemica-Bio- 
chemika Analytika (Fluka Chemie AG, Buchs, Switzerland), 
Invitrogen, San Diego, CaUL, and Applied Biosystems (Fos- 
ter City, Calif.), as well as many other commercial sources 
known to one of skill. 

[0104] Nucleic acids encoding native EM or anti-CD22 
antibodies can be modified to form the EM, antibodies, or 
immunoconjugates of the present invention. Modification by 
site-directed mutagenesis is well known in the art. Nucleic 
acids encoding EM or anti-CD22 antibodies can be ampli- 
fied by in vitro methods. Amplification methods include the 
polymerase chain reaction (PCR), the ligase chain reaction 
(LCR), the transcription-based amplification system (TAS), 
the self-sustained sequence replication system (3SR). A 
wide variety of cloning methods, host cells, and in vitro 
amplification methodologies are well known to persons of 
skill. 

[0105] In a preferred embodiment, immunoconjugates are 
prepared by inserting the cDNA which encodes an anti- 
CD22 scFv antibody into a vector which comprises the 
cDNA encoding the EM. The insertion is made so that the 
scFv and the EM are read in frame, that is in one continuous 
polypeptide which contains a fimctional Fv region and a 
functional EM region. In a particularly preferred embodi- 
ment, cDNA encoding a diphtheria toxin fragment is ligaled 
to a scFv so that the toxin is located at the carboxyl terminus 
of the scFv. In more preferred embodiments, cDNA encod- 
ing PE is ligatcd to a scFv so that the toxin is located at the 
amino terminus of the scFv. 

[0106] Once the nucleic acids encoding an EM, anti-Cl)22 
antibody, or an immunoconjugate of the present invention 
are isolated and cloned, one may express the desired protein 
in a recombinanlly engineered cell such as bacteria, plant, 
yeast, insect and mammalian cells. It is expected that those 
of skill in the art are knowledgeable in the numerous 
expression systems available for expression of proteins 
including E. coli, other bacterial hosts, yeast, and various 
higher eucaryotic cells such as the COS, CHO, HeLa and 
myeloma cell lines. No attempt to describe in detail the 
various methods known for the expression of proteins in 
prokaryotes or eukaryotes will be made. In brief, the expres- 
sion of natural or synthetic nucleic acids encoding the 
isolated proteins of the invention will typically be achieved 
by operably linking the DNA or cDNA to a promoter (which 
is either constitutive or inducible), followed by incorpora- 
tion into an expression cassette. The cassettes can be suitable 
for replication and integration in either prokaryotes or 
eukaryotes. Typical expression cassettes contain transcrip- 
tion and translation terminators, initiation sequences, and 
promoters useful for regulation of the expression of the 
DNA encoding the protein. To obtain high level expression 
of a cloned gene, it is desirable to construct expression 
cassettes which contain, at the minimum, a strong promoter 



to direct transcription, a ribosome binding site for transla- 
tional mitiation, and a transcription/translation terminator. 
For E. coli this includes a promoter such as the T7, trp, lac, 
or lambda promoters, a ribosome binding site and preferably 
a transcription termination signal. For eukaryotic cells, the 
control sequences can include a promoter and preferably an 
enhancer derived from immunoglobulin genes, SV40, 
cytomegaloviius, and a polyadenylation sequence, and may 
include splice donor and acceptor sequences. The cassettes 
of the invention can be transferred into the chosen host cell 
by well-known methods such as calcium chloride transfor- 
mation or electroporation for£. coli and calcium phosphate 
treatment, electroporation or Upofeclion for mammalian 
cells. CcUs transformed by the cassettes can be selected by 
resistance to antibiotics conferred by genes contained in the 
cassettes, such as the amp, gpt, neo and hyg genes. 

[0107] One of skill would recognize that modifications can 
be made to a nucleic acid encoding a polypeptide of the 
present invention (i.e., anti-CD22 antibody, PE, or an immu- 
noconjugate formed from their combination) without dimin- 
ishing its biological activity. Some modifications may be 
made to facilitate the cloning, expression, or incorporation 
of the targeting molecule into a fusion protein. Such modi- 
fications are well known to those of skill in the art and 
include, for example, termination codons, a methionine 
added at the amino terminus to provide an initiation, site, 
additional amino acid.s placed on either terminus to create 
conveniently located restriction sites, or additional amino 
acids (such as poly His) to aid in purification steps. 

[0108] In addition to recombinant methods, the immuno- 
conjugates, EM, and antibodies of the present invention can 
also be constructed in whole or in part using standard 
peptide synthesis. Solid phase synthesis of the polypeptides 
of the present invention of less than about 50 amino acids in 
length may be accomphshed by attaching the C-terminal 
amino acid of the sequence to an insoluble support followed 
by sequential addition of the remaining amino acids in the 
sequence. Techniques for solid phase synthesis are described 
by Barany & Merrifield, THE PEPTIDES: ANALYSIS, 
SYNTHESIS, BIOLOGY. VOL 2: SPECIAL METHODS 
IN PEPTIDE SYNTHESIS, PART A. pp. 3-284; Merrifield, 
el Rl.J.Am. Chem. Soc. 85: 2149-2156 (1963), and Stewart, 
et al., SOLID PHASE PEPTIDE SYNTHESIS, 2ND ED., 
Pierce Chem. Co., Rockford, 111. (1984). Proteins of greater 
length may be synthesized by condensation of the amino and 
carboxyl termini of shorter fragments. Methods of forming 
peptide bonds by activation of a carboxyl terminal end (e.g., 
by the use of the coupling reagent N,N'-dicycylohexylcar- 
bodiimide) are known to those of skill. 

[0109] B. Purification 

[0110] Once expressed, the recombinant immunoconju- 
gates, antibodies, and/or effector molecules of the present 
invention can be purified according to standard procedures 
of the art, including ammonium sulfate precipitation, afEnity 
columns, column chromatography, and the like (see, gener- 
aUy, R. Scopes, PROTEIN PURIFICATION, Springer- Ver- 
lag, N.Y. (1982)). Substantially pure compositions of at least 
about 90 to 95% homogeneity are preferred, and 98 to 99% 
or more homogeneity are most preferred for pharmaceutical 
uses. Once purified, partially or to homogeneity as desired, 
if to be used therapeutically, the polypeptides should bo 
substantially free of endotoxin. 
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[0111] Methods for expression of single chain antibodies 
and/or refolding to an appropriate active form, including 
single chain antibodies, from bacteria such as E. coli have 
been described and are well-known and are applicable to the 
antibodies of this invention. See, Buchner, etal.. Anal. Bio- 
chem. 205: 263-270 (1992); Pluckthun, Biotechnology 9: 
545 (1991); Huse, et al.. Science 246: 1275 (1989) and Ward, 
et al.. Nature 341: 544 (1989), all incorporated by reference 
herein. 

[0112] Often, functional heterologous proteins from E. 
coli or other bacteria are isolated from inclusion bodies and 
require .solubilization using strong denaturanLs, and sub.se- 
quent refolding. During the solubilization step, as is well- 
known in the art, a reducing agent must be present to 
separate disulfide bonds. An exemplary buffer with a reduc- 
ing agent is: 0.1 M Tris pH 8, 6 M guanidine, 2 mM EDTA, 
0.3 M DTE (dithioerythritol). Reoxidation of the disulfide 
bonds can occur in the presence of low molecular weight 
thiol reagents in reduced and oxidized form, as described in 
Saxena, et al., Biochemistry 9: 5015-5021 (1970), incorpo- 
rated by reference herein, and especially as described by 
Buchner, et al., supra. 

[0113] Renaturation is typically accomplished by dilution 
(e.g., 100-fold) of the denatured and reduced protein into 
refolding buffer. An exemplary buffer is 0.1 M Tris, pH 8.0, 
0.5 M L-arginine, 8 mM oxidized glutathione (GSSG), and 
2 mM EDTA. 

[0114] As a modification to the two chain antibody puri- 
ficatiou protocol, the heavy and light chain regions are 
separately solubilized and reduced and then combined in the 
refolding solution. A preferred yield is obtained when these 
two proteins are mixed in a molar ratio such that a 5 fold 
molar excess of one protein over the other is not exceeded. 
It is desirable to add excess oxidized glutathione or other 
oxidizing low molecular weight compounds to the refolding 
solution after the redox-shufiling is completed. 

[0115] Pseudomonas Exotoxin and Other Toxins 

[0116] Toxins can be employed with antibodies of the 
present invention to yield immunotoxins. Exemplary toxins 
include ricin, abrin, diphtheria toxin and subunits thereo:^ as 
well as botulinum toxins A through F. These toxins are 
readily available from commercial sources (e.g., Sigma 
Chemical Company, St. Louis, Mo.). Diphtheria toxin is 
isolated from Corynebacleriuni diphlheriae. Ricin is the 
lectin RCA60 from Ricinus communis (Castor bean). The 
term also references toxic variants thereof. For example, see, 
U.S. Pat. Nos. 5,079,163 and 4,6S9A01. Ricinus communis 
agglutinin (RCA) occurs in two forms designated RCA^g 
and RCA120 according to their molecular weights of 
approximately 65 and 120 kD, respectively (Nicholson & 
Blaustein, J. Biochim. Biophys. Acta 266: 543 (1972)). The 
A chain is responsible for inactivating protein synthesis and 
killing cells. The B chain binds ricin to cell-surface galac- 
tose residues and facilitates transport of the A chain into the 
cytosol (Olsnes, el ul. Nature 249: 627-631 (1974) and U.S. 
Pat. No. 3,060,165). 

[0117] Abrin includes toxic lectins from Abrusprecalorius. 
The toxic principles, abrin a, b, c, and d, have a molecular 
weight of from about 63 and 67 kD and are composed of two 
disulfidc-linkcd polypeptide chains A and B. The A chain 
inhibits protein synthesis; the B-chain (abrin-b) binds to 



D-galactose residues (see, Funatsu, et al., Agr. Biol. Chem. 
52: 1095 (1988); and Olsnes, MetlwdsEnzymol. 50: 330-335 
(1978)). 

[0118] In preferred embodiments of the present invention, 
the toxin is Pseudomonas exotoxin (PE). The term 
"Pseudomonas exotoxin" as used hereua refers to a full- 
length native (naturally occurring) PE or a PE that has been 
modified. Such modifications may include, but are not 
limited to, elimination of domain la, various amino acid 
deletions in domains lb, II and III, single ammo acid 
substitutions and the addition of one or more sequences at 
the carboxyl terminus such as KDEL (SEQ ID N0:5) and 
REDL (SEQ ID NO: 6). See SiegaU, el al., /. Biol. Chem. 
264: 14256-14261 (1989). In a preferred embodiment, the 
cytotoxic fragment of PE retains at least 50%, preferably 
75%, more preferably at least 90%, and most preferably 
95% of the cytotoxicity of native PE. In a most preferred 
embodiment, the cytotoxic fragment is more toxic than 
native PE. 

[0119] Native Pseudomonas exotoxin A (PE) is an 
extremely active monomeric protein (molecular weight 66 
kD), secreted by Pseudomonas aeruginosa, which inhibits 
protein synthesis in eukaryoiic cells. The native PE sequence 
is provided in commonly assigned U.S. Pal. No. 5,602,095, 
incorporated heroin by reference. The method of action is 
inactivation of the ADP-ribosylation of elongation factor 2 
(EF-2). The exotoxin contains three stmctural domains that 
act in concert to cause cytotoxicity. Domain la (amino acids 
1-252) mediates cell binding. Domain II (amino acids 253- 
364) is responsible for translocation into the cytosol and 
domain III (amino acids 400-613) mediates ADP ribosyla- 
tion of elongation factor2. The function of domain lb (amino 
acids 365-399) remains undefined, although a large part of 
it, amino acids 365-380, can be deleted without loss of 
cytotoxicity. See Siegall, et al., (1989), supra. 
[0120] PE employed in the present invention include the 
native sequence, cytotoxic fragments of the native sequence, 
and conservatively modified variants of native PE and its 
cytotoxic iiagments. Cytotoxic fragments of PE include 
those which are cytotoxic with or without subsequent pro- 
teolytic or other processing in the target cell (e.g., as a 
protein or pre-protein). Cytotoxic fragments of PE include 
PE40, PE38, and PE35. 

[0121] In preferred embed ijnents, the PE has been modi- 
fied to reduce or eUminale non-specific cell binding, fre- 
quently by deleting domain la. as taught in U.S. Pat. No. 
4,892,827, although this can also be achieved, for example, 
by mutating certain residues of domain la. U.S. Pal. No. 
5,512,658, for instance, discloses that a mutated PE in which 
Domain la is present but in which the basic residues of 
domain la at positions 57, 246, 247, and 249 are replaced 
with acidic residues (glutamic acid, or "E")) exhibits greatly 
diminished non-specific cytotoxicity. This mutant form of 
PE is sometimes referred to as PE4E. 
[0122] PE40 is a truncated derivative of PE as previously 
described in the art. See, Pai, et al., Proc. Nat 'I Acad. Sci. 
USA 88: 3358-62 (1991); and Kondo, el al, X Biol. Chem. 
263: 9470-9475 (1988). PE35 is a 35 kD carboxyl-lerminal 
fragment of PE in which amino acid residues 1-279 have 
deleted and the molecule commences with a met at position 
280 followed by amino acids 281-364 and 381-613 of native 
PE. PE35 and PE40 arc disclosed, for example, in U.S. Pat. 
Nos. 5,602,095 and 4,892,827. 
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[0123] In some preferred embodiments, the cytotoxic frag- 
ment PE38 is employed. PE38 is a truncated PE pro-protein 
composed of amino acids 253-364 and 381-613 which is 
activated to its cytotoxic form upon processing within a cell 
(see e.g., U.S. Pat. No. 5,608,039, and Pastan et al., Bio- 
chim. Biophys. Acta 1333:C^-Cb (1997)). 

[0124] As noted above, some or all of domain lb may be 
deleted, and the remaining portions joined by a linker or 
directly by a peptide bond. Some of the amino portion of 
domain 11 may be deleted. And, the C-terminal end may 
contain the native sequence of residues 609-613 (REOr.K 
(SEO ID N0:7)), or may contain a variation found to 
maintain the ability of the construct to translocate into the 
oytosol, such as REDL (SEQ ID N0:6) or KDEL(SEQ ID 
N0:5), and repeats of these sequences. See, e.g., U.S. Pat. 
Nos. 5,854,044; 5,821,238; and 5,602,095 and WO 
99/51643. While in preferred embodiments, the PE is PE4E, 
PE40, or PE38, any form of PE in which non-specific 
cytotoxicity has been eliminated or reduced to levels in 
which significant toxicity to non-targeted cells does not 
occur can be used in the immunotoxias of the present 
invention so long as it remains capable of translocation and 
EF-2 ribosylation in a targeted cell. 
[0125] A. Conservatively Modified Variants of PE 

[0126] Conservatively modified variants of PE or cyto- 
toxic fragments thereof have al least 80% sequence simi- 
larity, preferably at least 85% sequence similarity, more 
preferably at least 90% sequence similarity, and most pref- 
erably at least 95% sequence similarity at the amino acid 
level, with the PE of interest, such as PE38. 

[0127] The term "conservatively modified variants" 
applies to both amino acid and nucleic acid sequences. With 
respect to particular nucleic acid sequences, conservatively 
modified variants refer to those nucleic acid sequences 
which encode identical or essentially identical amino acid 
sequences, or if the nucleic acid does not eucode an amino 
acid sequence, to essentially identical nucleic acid 
sequences. Because of the degeneracy of the genetic code, a 
large number of functionally identical nucleic acids encode 
any given polypeptide. For instance, the codons GCA, GCC, 
GCG and GCU all encode the amino acid alanine. Thus, al 
every position where an alanine is specified by a codon, the 
codon can be altered to any of the corresponding codons 
described without altering the encoded polypeptide. Such 
nucleic acid variations are "silent variations," which are one 
species of conservatively modified variations. Every nucleic 
acid sequence herein which encodes a polypeptide also 
describes every possible sUent variation of the nucleic acid. 
One of skill will recognize that each codon in a nucleic acid 
(except AUG, which is ordinarily the only codon for 
methionine) can be modified to yield a functionally identical 
molecule. Accordingly, each silent variation of a nucleic 
acid which encodes a polypeptide is implicit in each 
described sequence. 

[0128] As to amino acid sequences, one of skill will 
recognize that individual substitutions, deletions or addi- 
tions to a nucleic acid, peptide, polypeptide, or protein 
sequence which alters, adds or deletes a single amino acid or 
a small percentage of amino acids in the encoded sequence 
is a "conservatively modified variant" where the alteration 
results in the substitution of an amino acid with a chemically 
similar amino acid. 



[0129] B. Assaying for Cytotoxicity of PE 

[0130] Pseudomonas exotoxins employed in the invention 
can be assayed for the desired level of cytotoxicity by assays 
well known to those of skill in the art. Thus, cytotoxic 
fragments of PE and conservatively modified variants of 
such fragments can be readily assayed for cytotoxicity. A 
large number of candidate PE molecules can be assayed 
simultaneously for cytotoxicity by methods well known in 
the art. For example, subgroups of the candidate molecules 
can be assayed for cytotoxicity. Positively reacting sub- 
groups of the candidate molecules can be continually sub- 
divided and reassayed until the desired cytotoxic frag- 
ment(s) is identified. Such methods allow rapid screening of 
large numbers of cytotoxic fragments or conservative vari- 
ants of PE. 

[0131] C. Other Therapeutic Moieties 

[0132] Antibodies of the present invention can also be 
used to target any number of different diagnostic or thera- 
peutic compounds to cells expressing CD22 on their surface. 
Thus, an antibody of the present invention, such as an 
anti-CD22 scFv, may be attached directly or via a linker to 
a drug that is to be delivered directly to cells bearing CD22. 
Therapeutic agents include such compounds as nucleic 
acids, proteins, peptides, amino acids or derivatives, glyco- 
proteins, radioisotopes, lipids, carbohydrates, or recombi- 
nant viruses. Nucleic acid therapeutic and diagnostic moi- 
eties include antisense nucleic acids, derivatized 
oUgonucleotides for covalent cross-linking with single or 
duplex DNA, and triplex forming oligonucleotides. 

[0133] Alternatively, the molecule linked to an anti-CD22 
antibody may be an encapsulation system, such as a lipo- 
some or micelle that contains a therapeutic composition such 
as a drug, a nucleic acid (e.g. an antisense nucleic acid), or 
another therapeutic moiely lhal is preferably shielded from 
direct exposure to the circulatory system. Means of prepar- 
ing liposomes attached to antibodies are well known lo those 
of skill in the art. See, for example, U.S. Pal. No. 4,957,735; 
and Connor, et al., Pharm. Then 28: 341-365 (1985). 

[0134] D. Detectable Labels 

[0135] Antibodies of the present invention may optionally 
be covalently or non-covalently linked to a detectable label. 
Detectable labels suitable for such use include any compo- 
sition delectable by spectroscopic, photochemical, bio- 
chemical, immunochemical, electrical, optical or chemical 
means. Useful labels in the present invention include mag- 
netic beads (e.g. DYNABEADS), fluorescent dyes (e.g., 
fluorescein isothiocyanate, Texas red, rhodamine, green 
fluorescent protein, and the Like), radiolabels (e.g., ^11, ^^^1, 
^^S, ^''C, or ^^P), enzymes (e.g., horse radish peroxidase, 
aUcaline phosphatase and others commonly used in an 
ELISA), and colorimetric labels such as colloidal gold or 
colored glass or plastic (e.g. polystyrene, polypropylene, 
latex, etc.) beads. 

[0136] Means of detecting such labels are well known to 
those of skill in the art. Thus, for example, radiolabels may 
be detected using photographic film or scintillation counters, 
fluorescent markers may be detected using a photodetector 
to detect emitted illumination. Enzymatic labels are typi- 
cally detected by providing the enzyme with a substrate and 
detecting the reaction product produced by the action of the 
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enzyme on the substrate, and colorimetric labels are detected 
by simply visualizing the colored label. 

[0137] E. Conjugation to the Antibody 

[0138] In a non-recombinant embodiment of the inven- 
tion, effector molecules, e.g., therapeutic, diagnostic, or 
detection moieties, are linked to the anti-CD22 antibodies of 
the present invention using any number of means known to 
those of skill in the art. Botti covalent and noncovalent 
attachment means may be used with anti-CD22 antibodies of 
the present invention. 

[0139] The procedure for attaching an efifoctor molecule to 
an antibody will vary according to the chemical structure of 
the EM. Polypeptides typically contain a variety of func- 
tional groups; e.g., carboxylic acid (COOH), free amine 
( — ^NHj) or sulfhydryl ( — SH) groups, which arc available 
for reaction with a suitable functional group on an antibody 
to result in the binding of the effector molecule. 

[0140] Alternatively, the antibody is derivatized to expose 
or to attach additional reactive functional groups. The 
derivatization may involve attachment of any of a number of 
linker molecules such as those available from Pierce Chemi- 
cal Company, Rockford 111. 

[0141] A "linker", as used herein, is a molecule that is used 
to join the antibody to the effector molecule. The linker is 
capable of forming covalent bonds to both the antibody and 
to the effector molecule. Suitable linkers are well known to 
those of skill in the an and include, but are not limited to, 
.straight or branched-chain carbon h'nkers, heterocyclic car- 
bon linkers, or peptide linkers. Where the antibody and the 
effector molecule are polypeptides, the linkers may be joined 
to the constituent amino acids through their side groups 
(e.g., through a disulfide linkage to cysteine). However, in a 
preferred embodiment, the h'nkers will lie joined to the alpha 
carbon amino and carboxyl groups of the terminal amino 
acids. 

[0142] In some circumstances, it is desirable to free the 
effector molecule from the antibody when the imraunocon- 
jugate has reached its target site. Therefore, in these circum- 
stances, immunoconjugates will comprise linkages which 
are cleavable in the vicinity of the target site. Cleavage of the 
linker to release the effector molecule from the antibody may 
be prompted by enzymatic activity or conditions to which 
the immunoconjugate is subjected either inside the target 
cell or in the vicinity of the target site. When the target site 
is a tumor, a linker which is cleavable under conditions 
present at the tumor site (e.g. when exposed to tumor- 
associated enzymes or acidic pH) may be used. 

[0143] In view of the large number of methods that have 
been reported for attaching a variety of radiodiagnostic 
compounds, radiotherapeutic compounds, dmgs. toxins, and 
other agents to antibodies one skilled in the art will be able 
to determine a suitable method for attaching a given agent to 
an antibody or other polypeptide. 

[0144] Pharmaceutical Compositions and Administration 

[0145] The antibody and/or immunoconjugate composi- 
tions of this invention (i.e., PE linked to an anti-CD22 
antibody of the invention) are particularly useful for 
parenteral administration, such as intravenous administra- 
tion or administration into a body cavity. 



[0146] The compositions for administration will com- 
monly comprise a solution of the antibody and/or immuno- 
conjugate dissolved in a pharmaceutically acceptable car- 
rier, preferably an aqueous carrier. A variety of aqueous 
carriers can be used, e.g., buffered saUne and the like. These 
solutions are sterile and generally free of undesirable matter. 
These compositions may be sterilized by conventional, well 
known sterilization techniques. The compositions may con- 
tain pharmaceutically acceptable auxiliary substances as 
required to approximate physiological conditions such as pH 
adjusting and buffering agents, toxicity adjusting agents and 
the like, for example, sodium acetate, sodium chloride, 
potassium chloride, calcium chloride, sodium lactate and (he 
like. The concentration of fusion protein in these formula- 
tions can vary widely, and will be selected primarily based 
on fluid volumes, viscosities, body weight and the like in 
accordance with the particular mode of administration 
selected and the patient's needs. 

[0147] Tlius, a typical pharmaceutical immunotoxin com- 
position of the present invention for intravenous adminis- 
tration would be about 0.1 to 10 mg per patient per day. 
Do.sages from 0.1 up lo about ICK) mg per patient per day 
may be used. Actual methods for preparing administrable 
compositions will be known or apparent to those skilled in 
the art and are described in more detail in such publications 
as REMINGTON'S PHARMACEUTICAL SCIENCE, 
19TH ED., Mack Publishing Company, Ea.ston, Pa. (199.5). 

[0148] The compositions of Ihe present invention can be 
administered for therapeutic treatments. In therapeutic appli- 
cations, compositions arc administered to a patient suffering 
from a disease, in an amount sufficient lo cure or at least 
partially arrest the disease and its complications. An amount 
adequate to accomphsh this is defined as a "therapeutically 
effective dose." Amounts effective for this use will depend 
upon the severity of the disease and the general state of the 
patient's health. An effective amount of the compound is that 
which provides either subjective relief of a symptom(s) or an 
objectively identifiable improvement as noted by the clini- 
cian or other qualified observer. 

[0149] Single or multiple administrations of the composi- 
tions are administered depending on the dosage and fre- 
quency as required and tolerated by the patient. In any event, 
the composition should provide a sufficient quantity of the 
proteins of this invention to effectively treat the patient. 
Preferably, the dosage is administered once but may be 
applied periodically until either a therapeutic result is 
achieved or until side effects warrant discontinuation of 
therapy. Generally, the dose is .sufficient to treat or amelio- 
rate symptoms or signs of disease without producing unac- 
ceptable toxicity to ihe patient. 

[0150] Controlled release parenteral formulations of the 
immunoconjugate compositions of the present invention can 
be made as implants, oily injections, or as particulate 
systems. For a broad overview of protein delivery systems 
see, Banga, A. J., THERAPEUTIC PEPTIDES AND PRO- 
TEINS: FORMULAHON, PROCESSING, AND DELIV- 
ERY SYSTEMS, Technomic Publishing Company, Inc., 
Lancaster, Pa., (1995) incorporated herein by reference. 
Particulate systems include microspheres, microparticles, 
microcapsules, nanocapsules, nanospheres, and nanopar- 
ticlcs. Microcapsules contain the therapeutic protein as a 
central core. In microspheres the therapeutic is dispersed 
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throughout the particle. Particles, microspheres, and micro- 
capsules smaller than about 1 /im are generally referred lo as 
nanopaiticles, nanospheres, and nanocapsules, respectively. 
Capillaries have a diameter of approximately 5 /an so that 
only nanoparlicles are administered intravenously. Micro- 
particles are typically around 100 /an in diameter and are 
administered subcutancously or intramuscularly. Sec, e.g., 
Kreuter, J., COLLOIDAL DRUG DELIVERY SYSTEMS, 
J. Kreuter, ed.. Marcel Dekker, Inc., New York, N.Y., pp. 
219-342 (1994); and Tice & Tabibi, TREATISE ON CON- 
TROLLED DRUG DETJVERY, A. Kydonieus, ed.. Marcel 
Dekker, Inc. New York, N.Y., pp. 315-339, (1992) both of 
which are incorporated herein by reference. 

[0151] Polymers can be tised for ion-controlled release of 
immunoconjugate compositions of the present invention. 
Various degradable and nondegradable polymeric matrices 
for use in controlled drug deUvery are known in the art 
(Longer, R., Accounts Chem. Res. 26: 537-542(1993)). For 
example, the block copolymer, polaxamer 407 exists as a 
viscous yet mobile liquid at low temperatures but forms a 
semisolid gel at body temperature. It has shown to be an 
effective vehicle for formulation and sustained delivery of 
recombinant interleukin-2 and urease (Johnston, el al., 
Pharm. Res. 9: 425-434 (1992); and Pec, et al., J. Parent. 
Sci. Tech. 44 (2): 58-65 (1990)). Alternatively, hydroxyapa- 
tile has been used as a microcarrier for controlled release of 
proteins (Ijntema, etal., Int. J. Pliarin. 112: 215-224(1994)). 
In yet another aspect, liposomes are used for controlled 
release as well as drug targeting of the lipid-capsulated drug 
(Betageri, et al., LIPOSOME DRUG DELIVERY SYS- 
TEMS, Technomic Publishing Co., Inc., Lancaster, Pa. 
(1993)). Numerous additional systems for controlled deliv- 
ery of therapeutic proteins are known. See, e.g., U.S. Pat. 
Nos. 5,055,303, 5,188.837, 4,235,871, 4,501,728, 4,837,028 
4,957,735 and 5.019,369, 5.055,303; 5.514.670; 5.413,797; 
5,268,164; 5,004,697; 4,902,505; 5,506,206. 5,271,961; 
5,254,342 and 5,534,496, each of which is incorporated 
herein by reference. 

[0152] Among various uses of the immunotoxins of the 
present invention are included a variety of disease condi- 
tions caused by specific human cells that may be ehminated 
by the toxic action of the fusion protein. One preferred 
application for the immunotoxins of the invention is the 
treatment of malignant cells expressing CD22. Exemplary 
maUgnant cells include those of chronic lymphocytic leu- 
kemia and hairy cell leukemia. 

[0153] Diagnostic Kits and In Vitro Uses 

[0154] In another embodiment, this invention provides for 
kits for the detection of CD22 or an immunoreactive frag- 
ment thereof, (i.e., collectively, a "CD22 protein") in a 
biological sample. A "biological sample" as used herein is a 
sample of biological tissue or fluid that contains CD22. Such 
samples include, but are not limited to, tissue from biopsy, 
blood, and blood cells (e.g., white cells). Preferably, the cells 
are lymphocytes. Biological samples also include sections of 
tissues, such as frozen sections taken for histological pur- 
poses. A biological sample is typically obtained from a 
multicellular eukaryote, preferably a mammal such as rat, 
mouse, cow, dog, guinea pig, or rabbit, and more preferably 
a primate, such as a macaque, chimpanzee, or human. Most 
preferably, the sample is from a human. 



[0155] Kits will typically comprise an anti-CD22 antibody 
of the present invention. In some embodiments, the anti- 
CD22 antibody will be an anti-CD22 Fv fragment, such as 
a scFv or dsFv fragment. 

[0156] In addition the kits will typically include instruc- 
tional materials disclosing means of use of an antibody of 
the present invention (e.g. for detection of mesothelial cells 
in a sample). The kits may also include additional compo- 
nents to facilitate the particular application for which the kit 
is designed. Thus, for example, the kit may additionally 
contain means of detecting the label (e.g. enzyme substrates 
for enzymatic labels, filter sets to detect fluorescent labels, 
appropriate secondary labels such as a sheep anti-mouse- 
HRP, or the like). The kits may additionally include bufliers 
and other reagents routinely used for the practice of a 
particular method. Such kits and appropriate contents are 
well known to those of skill in the art. 

[0157] In one embodiment of the present invention, the 
diagnostic kit comprises an immunoassay. As described 
above, although the details of the immunoassays of the 
present invention may vary with the particular format 
employed, llic method of detecting CD22 in a biological 
sample generally comprises the steps of contacting the 
biological sample with an antibody of the present invention 
which specifically reacts, under immunologically reactive 
conditions, to CD22. The antibody is allowed lo bind lo 
CD22 under immunologically reactive conditions, and the 
presence of the bound antibody is detected directly or 
indirectly. 

[0158] Due to the increased alBnity of the antibodies of the 
invention, the antibodies will be especially useful as diag- 
nostic agents and in m vitro assays to detect the presence of 
CD22 in biological samples. For example, the antibodies 
taught herein can be used as the targeting moieties of 
immunoconjugates in immunohistochemical assays to deter- 
mine whether a sample contains cells expressing CD22. 
Detection of CD22 in lymphocytes would indicate either 
that the patient has a cancer characterized by the presence of 
CD22-cxprcssing coUs, or that a treatment for such a cancer 
has not yet been successful at eradicating the cancer. 

[0159] In another set of uses for the invention, immuno- 
toxins targeted by antibodies of the invention can be used to 
purge targeted cells from a population of cells in a culture. 
Thus, for example, cells cultured from a patient having a 
cancer expressing CD22 can be purged of cancer cells by 
contacting the culture with immunotoxins which use the 
antibodies of the invention as a targeting moiety. 

EXAMPLES 

Example 1 

[0160] The experiments reported in this example demon- 
strate the creation and use of of phage display libraries to 
select RFB4-FVS that bind the CD22 antigen of Daudi cells 
with increased aflinity over the wild type RBF4-Fv. 

[0161] The CDR3 of the variable heavy chain (V^) of 
RFB4 (Fv) was mutated in an attempt to create Fvs with 
increased antigen binding afEnity. The wild type amino acid 
sequence of VgCDRS of RFB4 (Fv) contains 14 amino 
acids, as shown below in Table 1. 
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of CDR3 heavy cha 



5 lOOA lOOB lOOC lOOD lOOE lOOF 



r GGC TA C GGT AG T AGC TAC G GG GTT TTG TTT 



[0162] 'ITie mutational hot spots in Vh CDli3 of RFB4 are 
underlined in the Table. A selected subgroup of the hotspots 
was targeted for mutagenesis: G99 {GGT), SlOO (AGT), 
S100A(AGC), and YIOOB (TAC) were randomly mutated 
and a library of 1.6x10' clones was produced. The residues 
mutated are shown in bold in the Table, llie numbering of 
the residues follows the Kabai format. 
[0163] To create a template for the construction of the 
library, PGR was used to amplify RFB4-Fv from the plasmid 
pEMIO [RFB4 (scFv)-PE38 KDET,]. The following oligo- 
mers, which introduced Sfll and NotI i ' ' 
the PGR product, were used for this amplfic, 



5 ' TTCTATGCGGCCCAGCCGCCATSGCCGAAGTGCAGCTGGTGGAGTCT- 



[0164] The resulting PGR product was digested with Sfil 
and Noll and inserted into the vector, pCANTAB5E (Phar- 
macia). The resulting phagcmid, pCANTAB5E-RFB4, was 
then modified by inserting a stop codon (TAA) at position 99 
(GGT) using site directed mutagenesis (Quick Change™ 
site-directed mutagenesis Kit, Stratagene). The final 
phagemid product, pCANTAB5E-RFB4-l, was used as the 
template for the introduction of the four amino acid ran- 
domizations in the Vj^CDRS region. 
[0165] DNA oligomers twelve nucleotides in length, were 
designed to generate a library randomizing the four chosen 
consecutive amino acids. Degenerate oUgoraers with the 
sequence NNS were used, where N is any of the four 
nucleotides, and where S is C or G. ITie following oligo- 
nucleotides were used to create the library: 



5 ■ -CAACGTGAAAAAATTAATTATTCGC 



'-AGCAAACAAACCCCSNNSNHSBBSNNGTAGCCACTATGTCT 



5 ' -GCTAAACAACTTTCAACAGTCTATGCGGGCAC 



[0166] The library 
sequential PGR 



constructed by employing two 
In the first PGR, 50 pg of the 



phagemid template, pCANTAB5E-RFB4-l, was combined 
with 20 pmol each of DNA oligomers SEQ ID No. 3 and 
SEQ ID No. 4, mixed with two Ready-To-Go PGR beads 
(Pharmacia) in a 50 volume and cycled using the follow- 
ing proiile: 1 cycle at 95° G. for 5 min, followed by 30 cycles 
at 94° C. for 1 min, 55° G. for 1 min, and 72° G. for 1 min. 
The PGR reaction generated a 402 base pair product con- 
taining the mutations. The product was purified using a 
Qiagen Quick Spin column and quantitated by visuahzation 
on a 1% agarose gel. The purified product was used as 
primers in a second PGR. 

[0167] In the second PGR, 2 pmol of product from the first 
PGR reaction was combined with 20 pmol of the DNA 
oligomer SEQ ID No. 5, 50 pg of phagemid pCANTABSE- 
RFB4-1 template, mixed with two PGR beads in 50 /d 
volume, and cycled using the profile described above. The 
reaction generated an 884 base pair insert library. The 884 bp 
PGR product was digested with Sfil and NotI, purified using 
a Qiaquick column (Qiagen), and 150 ng was ligated into 
250 ng of the phage display vector pCANTABSE, and 
desalted. Forty nanograms of the ligation were used to 
transform E. coli TGI. Ten transformalions were performed 
to give a Library containing 8x10^ clones. The phage library 
was rescued from the transformed bacteria, as previously 
described (Beers, R. el al., Clin. Cancer Res., 6: 2835-2843 
(2000)), lilcrcd and stored at 4° C. To test whether the library 
was properly randomized, 16 clones were sequenced 
through the mutated region. Each clone had a different DNA 
sequence, thus indicating that a well randomized library for 
the selection of scFvs with high aiBnity for binding of Ihe 
GD22 antigen had been created. 

[0168] Phage were rescued from Ihe library and panned on 
Daudi cells, which have 1x10* CD22 binding sites (Shon, G. 
L. et al.. Int. J. Cancer, 42: 792-797 (1988)). Cells (2x10') 
were pelleted, resuspended in 10 ml of cold blocking buffer 
(DPBS-hO.5% BSA-h5 mM EDTA) and roialed slowly for 90 
min at 4° C. The cells were then pelleted and resuspended 
in 1 ml of cold blocking buffer. Phage 1x10^^) from Ihc 
library were added lo the cell suspension and the mixture 
was rotated .slowly at 4° G. for 90 min. The cells were 
washed five times with 10 ml of cold blocking buffer. Bound 
phage were eluted by resuspending the washed cells in 1.5 
ml of ice cold 50 mM HCL and incubating on ice for 10 min. 
Daudi cells were pelleted and the eluted phage were trans- 
ferred to a tube containing 200 yttl of 1 M TiilS pH K. 'llie 
eluted phage were tilered to determine the number of phage 
captured. 1.5 ml of the eluted phage were reinfected into E. 
coli and amplified for use in the next round of panning. To 
avoid possible loss of high affinity Fvs, panning was limited 
to two rounds only (Beers, R. et al., Clin. Cancer Res., 6: 
2835-2843 (2000)). A 60-fold enrichment was achieved 
between round 1 and round 2. 

[0169] After the second round of panning, phage stocks 
were prepared from twenty-four individual clones and tested 
for their ability to bind to Daudi cells by flow cytometry. 
Singie colonies of E. coli TGI containing phagemids 
selected in the 2°'' round of panning were grown to ODgoo= 
0.3 in 15 ml of 2xYT medium supplemented with 2% 
glucose and ampicilHn (100/Jg/ml). M13K07 helper phage 
(10^° PFU) was added to the suspension and cells were 
incubated for 1 h at 37° C. Following incubation, the mixture 
was ccntrifugcd, resuspended in 30 ml of 2xYT plus ampi- 
cillin (100 |ig/ml) and kanamycin (50 /<g/ml) and grown 16 
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h at 37° C. Following growth, the cultures were pelleted and 
phage were precipitated from the supernatant with PEG/ 
NaCl. After centrifugation, the phage pellets were each 
resuspended in 1 ml of NTE (100 mM NaCl, 10 mM Tris 
[pH 7.5] and 1 mM EDTA) and titered. 
[0170] To determine the binding properties of the 24 
phage stocks acquired after the second round of panning, 
phage were mixed with Daudi cells, reacted with a primary 
anti-M13 antibody followed by reaction with secondary 
FITC-labeled antibody and finally, fluorescence was mea- 
sured by flow cytometry. 

[0171] 5x10^ Daudi cells were incubated with 8x10* 
phage at room temperature for 60 min, cells were washed 
two times with blocking buffer (DPBS+0.5% BSA+5 mM 
EDTA) and 5 /ig of mouse anti-M13 antibody (Amersham) 
was added to each sample. The mixture was incubated al 
room temperature for 20 min, then washed two times with 
blocking buffer. A goat-anti-mousc-FITC labeled antibody 
(Jackson ImmunoResearch) was added and cells were incu- 
bated for 20 min at room temperature. Cells were wa.shed 
two times and analysis was performed in a FACSorl flow 
cytometer (Becton Dickinson). Data were acquired usijig 
Cell Quest software. For the competition experiment, 5x10° 
cells were incubated with 8x10^° wild-type RFB4 single 
chain Fv (scFv) phage and with 63 /ig of RFB4 unmunoioxin 
(100-fold excess). The sample was processed as for cells 
incubated with phage only. 

[0172] Daudi cells incubated without phage generated 
only a background signal when analysed by flow cytometry. 
In contrast, the fluorescence intensity signal generated by 
cells incubated with phage carrying an scFv bearing the 
wild-type VhCDR3 (GSSY) (SEQ ID N0:13) of RFB4 was 
significant. Cells that were co-incubated with phage carrying 
an scFv with the wild-type VhCDR3 (GSSY) (SEQ ID 
NO: 13) of RFB4 and the parental GSSY (SEQ ID N0:13) 
containing immunotoxin [RFB4 (Fv)-PE3S], produced a 
flourosccncc signal .similar lo thai of cells incubated without 
phage. Thus, phage that carry an scFv bearing the wild-type 
VhCDR3 (GSSY) (SHU ID NO: 13) of RFB4 bind specifi- 
cally lo the CD22 antigen of Daudi cells. 

[0173] The fluorescence intensity generated by of Daudi 
cells that were incubated with phage displaying an scFv with 
the wild-type VhCDR3 (GSSY) (SEQ ID NO: 13) of RFB4 
was compared to the fluorescence intensity signal generated 
by incubation of Daudi ceUs with any one of three other 
phage (A, B, and C) selected from the randomized library by 
panning. The fluorescence intensity generated by incubation 
of of phage A and phage B with Daudi cells was greater than 
the fluorescence intensity signal generated by Daudi cells 
incubated with phage carrying an scFv bearing the wild-type 
VhCDR3 (GSSY) (SEQ ID N0:13) of RFB4. Thus, phage 
A and B carry scFvs that bind to the CD22 antigen of Daudi 
cells better than phage carrying an scFv with the wild-type 
ViiCDR3 (GSSY) (SEQ ID N0:13) of RFB4. Cells incu- 
bated with phage C had a fluorescence intensity similar to 
that of cells incubated without phage, suggesting that this 
mutant did not bind the ceUs. Phage C was classified as a 
poor binder and was not analyzed further. Only two out of 
twenty four phage did not bind to the cells. 

[0174] Twenty-two of the phage studied behaved like 
phage A and B. The Fvs of these 22 phage were sequenced 
using PE™ applied Biosystems Big Dye Terminator Cycle 



Sequencing Kit. The samples were run and analyzed on a PE 
Applied Biosystem Model 310 automated sequencer. The 
amino acid residues of the region mutated in Vjj CDR3 that 
were deduced fi-om the DNA sequences are shown below in 
Table 2. 

TABLE 2 

Sequences of muiiant ptiage ob-bained after 



(tested as 



(SEQ ID NO: 14) 



munotoxin; 
(tested 



(SEQ ID HO: 19) 
(SEQ ID NO: 20) 



[0175] The amino acid sequences of phage isolated after 
two rounds of panning is shown. The entire Fv of each phage 
was sequenced, however, only the sequence of the target 
region is shown. 

[0176] The randomized library produced an abundance of 
mutations that resulted in an apparent increased binding 
afSnity of the VhCDR3 of RBF4 Fv for the CD22 antigen 
of Daudi cells. Thus, a phage display library of random 
mutants of the CDR3 region of the of RFB4 was created 
and used to select RFB4 scFvs with improved binding 
aflEnity for the CD22 antigen. 

Example 2 

[0177] The studies reported in this Example demonstrate 
that incorporation of the mutant scFvs selected in Example 
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a chimeric immunotoxin molecule 
;s the cytotoxic activity of the chimeric immunotox- 
ins toward cultured cells that display the CD22 antigen, 
thereby inhibiting growth of the cultures. 

[0178] Immunotoxins from each of the three major lOOB 
substitutions UTIW (SHQ ID N0:16), GYNW (SHQ ID 
N0:15), GTHW (SEO ID N0:14), GSTY(SEO ID NO:17), 
and GKNR (SEQ ID N0:18) were prepared. ScFvs from 
selected phagemids were PGR amphfied using primers lhal 
introduced Nde I and Hindlll restrictions sites into the final 
PGR product. The products of the reaction were purified, 
digested with Nde I and Hindlll and cloned into a T7 
expression vector in which the scFv was fused in frame to 
a truncated version of Pseudomonas exotoxin A (PE38) 
(Brinkmann, U.,Mol. Med Today, 2: 439-446 (1996)). The 
expression and purification of the resulting recombinant 
immunotoxins was perforated as previously described 
(Beers, R. et al., CUn. Cancer Res., 6: 2835-2843 (2000)). 

[0179] Each immunotoxin was purified to over 95% 
homogeneity and eluted as a monomer using TSK gel 
nitration chromatography. The purified immunotoxins were 
used in cytotoxicity assays on a panel of six antigen-positive 
lymphoma cell hnes. 

[0180] Cyioloxicily on cell lines was measured by protein 
synthesis inhibition assays. Cells were plated in 96-well 
plates at a concentration of 5x10'' cells/well. Immunotoxins, 
prepared as described above, were serially diluted in phos- 
phate-buffered saline (PBS)/0.2% human serum albumin 
(HSA) and 20 ^il was added to each well. Plates were 
incubated for 20 hours at 37° C. and then pulsed with 1 
/^Ci/well ^H-leucine in 20 /nL PBS/0.2% HSA for 2.5 hours 
at 37° C. Radiolabeled material was captured on filtermats 
and counted in a Betaplate .scintillation counter (Pharmacia, 
Gaithersburg, Md.). Triplicate sample values were averaged 
and inhibition of protein synthesis determined by calculating 
percent incorporation by comparison to control wells with- 
out added toxin. The activity of the molecule is defined by 
its IC50, defined as the toxin concentration lhal reduced 
incorporation of radioactivity by 50% compared with the 
cells that were not treated with the toxin. Table 3 shows the 
ICjo values from several experiments. 



[0181] All mutant immunotoxins except GKNR (SEQ ID 
N0:18) were more cytotoxic to the cell lines bearing the 
CD22 antigen, than was the immunotoxin that incorporated 
an scFv with the wild type sequence of the VjjCDR3 of 
RFB4. Since the GKNR (SEQ ID N0:18) mutant was 
selected because of an apparent increased binding affinity, it 
would be expected to be more cytotoxic when incorporated 
into the structure of a chimeric immunotoxin as was the case 
for the other mutantb scFvs. However, phage display selects 
for increased expression as well as increased antibody 
binding afBnity. Therefore a dot blot analysis was performed 
to compare the relative number of wild type (GSSY) (SEQ 
ID N0:13) scFvs displayed on phage to the number of the 
GKNR (SEQ ID N0:18) mutant scFvs displayed on phage. 
The dot blot indicated that the GKNR (SEQ ID N0:18) 
mutant scFv was overexpressed on the phage. GKNR (SEQ 
ID N0:18) was not analysed further. 
[0182] Mutant immunotoxins were not cytotoxic to the 
CD22 negative cell line HUT-102, indicating that the cyto- 
toxic effect of the immunotoxins is selective to CD22 
antigen positive cells. 

[0183] Thus, by incorporating the mutant scFvs with a 
higher binding afGnity for CD22 antigen into the structure of 
chimeric RFB4-PE38 immimotoxins, the cytotoxicity of the 
immunotoxins toward cells bearing the CD22 antigen is 
enhanced. Therefore, the mutant cytotoxins are more effec- 
tive al inhibiting growth of the antigen bearing cells than is 
the immunotoxin with the wild-type (GSSY) (SEQ ID 
N0:13) VhCDR3 of RBF4. 

Example 3 

[0184] The studies reported in this Example demonstrate 
that the mutant RFB4-PE38 immunotoxins of Example 2 are 
more eHeclive al inhibiting the growth of raahgnanl cells 
taken from patients with advanced lymphocytic disease than 
is the chimeric immunotoxin bearing the wild-type 
VhCDR3 of RFB4, RFB4-PE38. 

[0185] Cytotoxic activity of mutant immunotoxins on 
malignant cells isolated from patients was measured in 



NO: 1.-?) 
GTHW (SEQ 
ID NO: 14) 
GYNW 
(SEQ ID 
NO: 15) 
GTTW (SEQ 
ID NO: 16) 
ISSn (SEQ 
ID NO: 17) 
GKNR (SEQ 
ID NO: 18) 



N.D.: not determined. 
''Immimotoxin was tested once. 
All cell lines were of Burlcitt's 1 



2.3 ± 0.5 3.1 ± 0.2 5.1 ± 0.15 8.1 ± 2.3 10 

D.2 0.09 1.4 1 0.5 1 I 0.14 1.7 i 0.1 2 
D.6±0.1 0.8+ 0.6 *0.07 2.1 ± 0.5 5.6*3.: 



±0.4 2.75 ±0.3 
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blood samples collected from patients as part of approved 
clinical protocols al the NIH. Patients 1, 2, 3, and 5 have 
chronic lymphocytic leukemia (CLL). Patient 4 has hairy 
cell leukemia (HCL). Samples were processed as previously 
described (Kreitman, R. J. et al., Clin. Cancer Res., 6: 
1476-1487 (2000)). Briefly, protein synthesis was measured 
by counting cpm of pH] leucine incorporated into protein. 
Inhibition of protein synthesis of 50%, defined as being 
halfway between the level of incorporation of ^[H] leucine 
in the absence of toxin and the level of incorporation of ^[H] 
leucine in the presence of 1 0 ftg/ml of cycioheximide, was 
determined by capturing radiolabeled material on filter- 
mats, which were then counted in a Betaplate scintillation 
counter (Wallac). 

[0186] Protein synthetic activity of Ficoll purified mono- 
nuclear cells from the four patients with chronic lymplio- 
cytic leukemia and from the one patient with hairy cell 
leukemia was determined by incubating the cells with 
immtmotoxins for three days then pulsing with leucine 
for 6-8 h. Each assay was done in triplicate. As can be seen 
in Table 4, all of the immunotoxins bearing mutant scFvs 
were more cytotoxic than the chimeric immunotoxin bearing 
the wild-type RFB4-PE38 with the amino acid sequence 
GSSY (SEQ ID NO: 12) in the VhCDR3 region. 

TABLE 4 



Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 

GSSY(WT) >1000 490 ±70 34 ± 5 6.7 ± 2.3 >1000 
(SEQ ID 
NO: 13) 

GTHW 29 ± 10 22 ± 2 1.5 « 0.4 <1 28 ± 6 



ID NO: 14) 

GTTW >1000 95 ±9 8.5 ±3 1.5 ± 0.6 76 ±9 

(SEQ ID 
NO: 16) 

GSTY(SEQ N.D. N.D. IS ±2 2.1 ± 0.7 129* SO 
ID NO: 17) 

Ficoll-purifiod mononuclear colls £rom patients were obtained by an 
approved protocol at the NIH. Cells were incubated with immunotoxins 
for three days at 37° C. and pulsed with ^[H] leucine for 6-8 h; protein 
synthesis was measured. IC50S are expressed in ng/ml, standard deviations 

diagnosed with CLL, patient 4 with HCL variant. 
N.U.: not determined. 



[0187] When tested on cells from patient 2, the chimeric 
immunotoxin bearing the wild-type GSSY (SEQ ID N0:13) 
amino acid sequence in the V[jCDR3 region of RFB4 had an 
IC50 of 490 ng/ml, the GTHW (SEQ ID N0:14) mutant had 
an IC50 of 22 ng/ml, the GYNW (SEQ ID N0;1S) had an 
IC^ of 40 ng/ml, and mutant GTTW (SEQ ID N0:16) 
miTtant had an IC50 of 95 ng/ml. Similarly, on samples 
isolated from patient 5 the chimeric immunotoxin bearing 
the wild-type GSSY (SEQ ID NO: 13) amino acid sequence 
in the VfjCDRS of RFB4 had an IC50 of >1000 ng/ml 
whereas the immunotoxin with GTHW (SEQ ID N0:14) 
had an IC,o of 28 ng/ml and the GYNW (SEQ ID N0:15) 
immunotoxin had an IC50 of 41 ng/ml and mutant GTTW 
(SEQ ID N0:16) had an IC50 of 76 ng/ml. 



[0188] In most of the patients, the parental immunotoxin 
carrying GSSY (SEQ ID NO: 13) amino aci,d sequence in the 
VhCDR3 region of RFB4 was not able to inhibit protein 
synthesis by 50% at the concentrations tested, therefore the 
IC40, the toxin concentration that reduced incorporation of 
^H-leucine by 40%, was determined instead. 

[0189] Thus, in every case tested, the chimeric immuno- 
toxins bearing mutant scFvs, were more effective at inhib- 
iting protein synthesis of the leukemic cells than was the 
chimeric immunotoxin bearing the wild-type scFv. 

Example 4 

[0190] llie experiments reported in this example demon- 
strate that the chimeric REB4-PE38 immunotoxins, GTHW 
(SEQ ID NO: 14), GYNW (SEQ ID NO; 15), GTTW (SEQ 
ID N0:16), and GSTY (SEQ ID N0:17), which bear the 
mutant scFvs, bind recombinant CD22 antigen with higher 
affinity than the chimeric RFB4-PE38 immunotoxin with the 
wild-type VhCDR3 of RFB4 (GSSY, SEQ ID N0:13). 
[0191] Binding affinity of the chimeric immunotoxins was 
determined by plasmon surface resonance (Biacore). First, 
CD22 recombinant protein was prepared and immobilized il 
on a CMS chip. The extracellular domain of CD22 protein 
was expressed as a fusion to human IgG Fc in transfecled 
293T cells. The human Fc fragment from plasmid Ret-Fc 
was PGR amplified using (provided by M. Billaud, Labo- 
raloire de Geneliqne, Lyon, France) primers which intro- 
duced 5' NotI and 3' Xbal rc 



5 ' -GAGTGAGTGCGGCCGCGG 



TCaCTCMTCTAGACGGCCGTCGCACTCATTTftC 

[0192] After digestion with Noll and Xbal, Ihe PGR 
product was purified and cloned into the Noll and Xbal sites 
of vector pcDNAl.l to create plasmid pcDNAl.l-Fc. Next, 
the extra-cellular portion of CD22 pcDNA 1 . 1 -Fc was fused 
in-frame with the Fc by amplifying the CD22 extracellular 
domain from plasmid pRKm22 using the following oligo- 



5 ' -TCACTCACTCGCGGCCGCTTCGCCTGCCGATGGTCTC 

[0193] pRKm22 is a plasmid encoding full-length human 
CD220 obtained by cloning from a Daudi cDNA Quick 
clone library (Clontech). The oligomers introduced EcoRI 
and NotI restriction sites, which were used to clone the 
purified the PGR product into pcDNAl.l-Fc to create 
pcDNAl.l-22-Fc. 293T cells were transfecled with plasmid 
pcDNAl.l-22-rc by standard CaPO^ precipitation. 

[0194] Binding kinetics of the chimeric immunotoxins 
were measured using BIAcore 2000 Biosensor. CD22-Fc 
protein was diluted to 50 ng/ml in amine coupling buffer and 
immobUized to a BIAcore sensor chip CMS. The chimeric 
immunotoxins were diluted to 25 /<g/ml in HEPES-buffcrcd 
saline, and on and off rates were measured by injecting 50 
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/.ig of immunotoxin over the chip surface at 10 /<l/min, and 
then allowing the bound material to dissociate for 5 min or 
more. The remaining bound material was removed &om 
CD22 protein by injecting 10 fd of 20 mM phosphoric acid. 
Each immunotoxin was injected and analyzed at least three 
times. Binding kinetics were determined using BIA evalu- 
ation 2.1 software. 

[0195] Comparison of the binding profiles of immuootox- 
ins bearing the wild type GSSY (SEQ ID NO: 13) amino acid 
sequence in the VjjCDR.3 region with the binding profile of 
the mutant immunotoxins with GTTW (SEO ID N0:16), 
GYNW (SEQ ID N0:15) and GTHW (SEQ ID N0:14) in 
the VjjCDRS region revealed that these three mutant immu- 
notoxiiis had slower dissociation rates than the GSSY (SEQ 
ID N0:1.3) wild-type. Tn some ca.ses the mutant immuno- 
toxms also had faster association rates compared to wild- 
type GSSY (SEQ ID NO:13)-conlaining immunotoxin. In 
every case however, overall binding afBnity of the mutant 
chimeric immunotoxins exceeded that of the wild-type. Kd 
was calculated by dividing K^^ by Ko„. The binding con- 
stants, K„„, K„iE and Kd are shown below in Table 5. 

TABLES 

Summary of Diacore analysis oC Rn34-Pia8 mutante 
Immunctoxin K:o„( M-'S"') K„„( S"') KD (nM) 



GSSY (WTl (SEQ 
ID NO: 13) 
GTHW (SEQ ID 
NO: 14) 

GYNW (SEQ ID 
NO: 15) 

GTTW (SEQ ID 
NO: 16) 
GSTY (SEQ ID 
NO: 17) 



2.08 X 10-' 
3.27 X lO-" 
1.84 X Itr* 
2.62 X Iff* 



PE38. See, Kreitman et al., Chn Cancer Res 6(4): 1476-87 
(2000). See also, e.g., U.S. Pat. Nos. 5,747,654, 6,147,203, 
6.074,644, and 5,980,895. The immunotoxins were tested 
against cells taken from seven patients with CLL and against 
cells taken from two patients with HCL. Cytotoxicity assays 
were performed as set forth in Example 3, above. 

[0200] As shown in Table 6, dsFv immunotoxin made with 
the GTHW (SEQ ID N0:14) sequence was from 10 to 40 
times more cytotoxic to cells from patients with CLL than 
was dsFv immunotoxin made with the wildtype RFB4 
sequence. Similarly, the dsFv immunotoxin made with the 
GTHW (SEQ ID NO: 14) sequence was from 4 to 7 times 
more cytotoxic to cells from patients with HCL than was the 
dsFv immunotoxin made from the wildtype RFB4 sequence. 
Thus, dsFv immunotoxins made with the mulated RFB4 
sequences of the invention demonstrate strikingly higher 
cytotoxicity to cells from patients with advanced lympho- 
cytic disease than dsFv immunotoxins made with the wild- 
type RFB4 sequence. 

TABLE 6 

Improved Cytotoxic Activity of GTHW (SEO ID NO: 14) Mutant dsFv 
Immunotoxin Tovyards Cells from Palienli with CLL or HCL 



GTHW (SEQ Fold 
ID NO; 14) Improveni 



3.1: 



xlO" 



[0196] The wild-type, GSSY (SEQ ID NO: 13) immuno- 
toxin had a Kd of 85 nM, whereas mutant with highest 
aflSnitv, GTHW (SEQ ID NO: 14), had a Kd of 6 nM, mutant 
GYNW (SEQ ID N0:15) had a Kd of 10 nM and mutant 
GTTW (SEQ ID N0:16) had a Kd of 24 nM. Mutant GSTY 
(SEQ ID N0:17) had a Kd of 49 nM. 
[0197] Thus, the chimeric immunotoxins bearing mutant 
scFvs GTHW (SEQ ID N0:14), GYNW (SEQ ID N0:15), 
GTTW (SEQ ID N0:16), and GSTY (SEQ ID N0:17), bind 
recombinant CD22 antigen with higher allinity than the 
chimeric immunotoxin bearing an scFv with the wild-type 
VhCDR3 of RFB4 through various combinations of faster 
association rates and slower dissociation rates of the mutant 
immunotoxins relative to that of the wild-type chimeric 



Example 5 

[01.98] The studies reported in this Example show that an 
exemplar chimeric disulfide-stabilized (dsFv) RFB4-PE38 
immunotoxin made with the GTHW (SEQ ID N0:14) 
sequence was sUiMngly more effective at inhibiting the 
growth of malignant cells taken from patients with advanced 
lymphocytic disease than a like chimeric dsFv inununotoxin 
bearing the wild-type VhCDR3 of RFB4 (GSSY, SEQ ID 
NO: 13). 

[0199] Disulfide-stabilized Fvs of both sequences were 
made as previously described for making RFB4(dsFv)- 



[0201] While specific examples have been provided, Ihe 
above description is illustrative and not restrictive. Many 
variations of the invention will become apparent to those 
skilled in the art upon review of this specification. The scope 
of the invention should, therefore, be determined not with 
reference to the above description, but instead should be 
determined with reference to the appended claims along 
with their full scope of equivalents. 

[0202] All publications and patent documents cited herein 
are incorporated by reference in their entirety for aU pur- 
poses to the same extent as if each individual publication or 
patent document were so individually denoted. Citation of 
various references in this document is not an admission that 
any particular reference is considered to be "prior art" to the 
invention. 
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SBQUEHCE LISTING 



: Artificial Sequence 
<220>. FEATURE: 

<223> C3THEH IBFORMATIOll : Description of Artificial SequenceiRPB4 heavy 
chain variable region 



<222> LOCATION: (1)..(369) 



<400> SEQUENCE: 1 



t tgg gtt cgc cag act c 



<213> ORGANISM: Artificial Sequence 



<4 00> SEQUENCE: 2 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Gly 

Ser Leu Lye Leu Ser Cys Ala Ala Ser Gly Phe Ala Phe Ser He Tyr 

Asp Met Ser Trp Val Arg Gin Thr Pro Glu Lys Arg Leu Glu Trp Val 
35 40 45 

Ala Tyr He Ser Ser Gly Gly Gly Thr Thr Tyr Tyr Pro Asp Thr Val 
50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr 
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-continued 



Leu Gin Met Ser Ser Leu Lys Ser Glu Aep Thr Ala Met Tyr Tyr Cys 
85 90 S5 

Ala Arg His Ser Gly Tyr Gly Ser Ser Tyr Gly Val Leu Phe Ala Tyr 
100 105 110 

Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ala 
115 120 



<210> SEQ ID NO 3 

<2H> LENGTH: 321 

<:212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<223> OTHER INFORMATION : Description of Artificial Sequenoe:RFB4 light 

<221> NAME/KEY: CDS 

<222> LOCATION: (!)..( 321) 

<223> OTHER INFORMATION: RFB4 light chain variable region 



Glu Asp Phe Ala Thr Tyr Phe Cys Gin Gin Gly Asn Thr Leu Pro Trp 



<213> ORGANISM: Artificial Sequence 

<223> OTHER INFORMATION: Description oE Artificial Sequence :RFB4 light 
chain variable region 

<400> SEQUENCE: 4 

Asp lie Gin Met Thr Gin Thr Thr Ser Ser Leu Ser Ala Ser Leu Gly 
1 5 10 . 15 

Asp Arg Val Thr lie Ser Cys Arg Ala Ser Gin Asp lie Ser Asn Tyr 

Leu Asn Trp Tyr Gin Gin Lye Pro Asp Gly Thr Val Lys Leu Leu He 

Tyr Tyr Thr Ser He Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly 
SO 55 60 
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Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr He Ser Asn Leu Glu Gin 
65 70 75 80 

Glu Asp Phe Ala Thr Tyr Phe Cys Gin Gin Gly Asn Thr Leu Pro Trp 



Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys 
100 105 



<213> ORGANISM: Artificial Sequence 
<220> FEATURE; 

<223> OTHER INFORHATION : Deaccip-bion of Artificial Sequencescarboxyl 
terminus addition to maintain ability of the 
conBtruot to translocate to cytosol 

<400> SEQUENCE: 5 

Lys Asp Glu Leu 



<213> ORGAMISM: Artificial Sequence 
«:220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial S 
terminus addition to maintain ability of the 
o translocate to cytosol 



<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<:223> OTHER INFORMATIOM : Description of Artificial Sequence :C-terminal 

<400> SEQUENCE! 7 
Arg Glu Asp Leu Lys 



gctggt ggagtct 



<2H> LENGTH: 47 
<212> TYPE: DMA 
<213> ORGANISM: Artifici 
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<400> SEQDEHCEl 9 

cggcaccggc gcacc-fcgcgg ccgcccgttg atttccagct tggtgcc 

<210> SEQ ID HO 10 

<211> LENGTH: 25 

<212> TyPE: DMA 

<213> ORGMJISM: Artificial Sequence 

<:220> FEATURE: 

<223> OTHER ISFORMATIOH : DeBcrlptlon of ArtiBcial 
Sequence :DNA oligonucleotide used to create 

<400> SEQUENCE: 10 



<210> SEQ ID NO 11 
<211> LENGTH: 41. 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORHATION: Description o£ Artificial Sequence: 
degenerate DNA oligonucleotide used to create library 
<220> FEATURE: 

<221> NAME/KEY: modlfiedjjase 
<222> LOCATION: (1)..(41) 
<223> OT 



iptlon of Artificial Seguence:DNA 
iotide used to create library 

> SEQUENCE: 12 



<210> SEQ ID NO 13 

<211> LENGTH: 4 

<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequen 
(WT) RFB4 V-H CDR3 CD22 target region 



<400> 



: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence :mutated R 
V-H CPR3 CD22 target region 



Gly Thr His Trp 
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-continued 



<210> SEC ID NO 15 
<211> LENGTH: 4 
<212> TYPE: PRT 

<220> FEATURE : ^ 

<223> OTHER INPORMATIOM: Desoription of Artificial Sequence :iiiutated RFB4 
V-H CDR3 CD22 target region 

<400> SEQUENCE: IS 

Gly Tyr Asn Trp 




<223> OTHER IHFORMATIOM: DeBOription of Artificial Sequence :iiiutated RFB4 
V-H CDR3 CD22 target region 

<400> SEQUENCE: 16 

Gly Thr Thr Trp 



<210> SEQ ID NO 17 
<211> LENGTH: 4 

<213> ORGAMISH: Artificial Sequence 

<223> OTHER inroRMATlON: Description of Artificial Sequence :mutated RrB4 

V-H CDR3 CD22 target region 

<;4 00> SEQUENCE: 17 
Gly Ser Thr Tyr 



<210> SEQ ID no 18 

<211> LENGTH: 4 

<212> TXPE: PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence:inutated RFB4 
V-H CDR3 CD22 target region 

<400> SEQUENCE: 18 

Gly Lys Asn Arg 



<210> SEQ ID NO 19 

<211> LENGTH: 4 

<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence :mutated BFB4 

<400> SEQUENCE: 19 
Gly Ser Thr Arg 
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-continued 



<223> OTHER INFORMATION: Description o£ Artificial Sequence imutated RFB4 
V-H CDR3 CD22 target region 



<210> SEQ ID NO 21 
<211> LENGTH: 4 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: DeBoription of Artificial Sequenoe:iiiutated RFB4 
V-H CDR3 CD22 target region 

<400> SEQUENCE: 21 

Gly Asn Arg Tyr 



<210> SEQ ID NO 22 
<211> I;ENGTH: 4 
<212> TYPE: PRT 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence :inutBted RFB4 
V-H CDR3 CD22 target region 

<400> SEQUENCE: 22 

Gly Thr Ala Tyr 



<211> I.ENGTH: 4 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence :inutated RFB4 
V-H CDR3 CD22 target region 

■;400> SEQUENCE: 23 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE; 

<223> OTHER INFORMATION: Description of Artificial Sequenco:mutated RFB4 
V-H CDR3 CD22 target region 

<400> SEQUENCE: 24 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATIOM: Description of Artificial Sequence :mutated RFB4 

<400> SEQUENCE: 25 
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<210> SEQ ID NO 26 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: DeGcription of Artificial Sequence imutated RPB4 
V-H CDR3 CD22 target region 



<400> SBQUEHCE: 27 
Gly Arg Asn Tyr 



<210> SEQ ID MO 28 

<211> LENGTH: 1 

<212> TYPE: PRT 

<213> ORQAKISH: Artificial Sequence 



OTHER IBFORHATION : Description of Artificial Seque 
V-H CDR3 CD22 target region 



<400> SEQUENCE: 28 
Gly Val His Arg 



<210> SEQ ID NO 29 
<211> LENGTH: 4 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence :)nutated R 
V-H CDR3 CD22 target region 



<400> SEQUENCE: 29 
Gly Ala Leu Arg 



of Artificial Sequen 

target region 
<400> SEQUENCE: 30 



Gly Val Arg Ala 
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-continued 



<213> ORGAMISM: Artificial Sequence 



<400> SEQUENCE: 
Gly Thr Ala Lys 



<210> SEQ ID no 32 
<211> LENGTH: 4 
<:212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE! 

<223> OTHER INFORMATION: Description of Artificial Sequence :mutated RFB4 
V-H CDR3 (3522 target region 

<400> SEQUENCE: 32 

Gly Arg Thr Ser 



<210> SEQ ID NO 33 
<211> LENGTH: 36 
<212> TYPE: DNA 
<213> ORGANISM: Artiflcia 
<220> FEATURE: 
<223> OTHER INFORMATION: 
aitiplification prime 



gagtgagtgo ggocgcggtg gtcgtcgtgc 



SEQUENCE: 34 

tagacggccg tcgoaotcat ttac 3 

<210> SEQ ID NO 35 
<211> LENGTH: 34 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

«223> OTHER INFORMATION: Description of Artificial Sequenoe:amplifying 
oligomer 



35 



etoctcggoo octg 



<211> LENGTH: 37 

<212> TYPE: DMA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE! 

<223> OTHER INFORMATION: Description of Artificial Sequence : amplifying 



c400> SEQUENCE: 36 



us 2005/0118182 Al 



28 



Jun. 2, 2005 



-continued 

tcactcacta gcggoagctt cgootgooga tggtotc 37 



<212> TYPE: DNA 

<213> ORGANISM: Artifioinl Sequence 
<220> FEATURE: 

<223> OTHER INFORMATIOH : DeEcription of Artificial Sequenoe:wild type 
RFB4 variable heavy chain (V-H) CDR3 

<400> SEQUENCE: 37 

catagtggct acggtagtag ctacggggtt -ttgtttgctt ac 42 



<210> SEQ ID NO 38 

<211> LENGTH: 14 

<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence:wild type 
RFB4 variable heavy chain (V-H) CDR3 

<400> SEQUENCE: 38 

His Ser Gly Tyr Gly Ser Ser Tyr Gly Val Leu Phe Ala Tyr 
15 10 



What is claimed is: 

1. An anti-CD22 antibody with a variable light (VJ chain 
having the sequence of the V, chain of antibody RFB4 and 
a variable heavy (V,,) chain having the sequence of the Vj^ 
chain of antibody RFB4, provided that residues 100, lOOA 
and lOOB of CDR3 of the V„ chain of said auti-CD22 
antibody have an amino acid sequence selected from the 
group consisting of: THW, YNW, TTW, and STY. 

2. An antibody of claim 1, wherein said antibody is 
selected from the group consisting of an scFv, a dsFv, a Fab, 
or a F(ab').. 

3. A composition comprising an antibody of claim 1 
conjugated or fused to a therapeutic moiety or a detectable 
label. 

4. A composition of claim 3, v/herein the therapeutic 
moiety is selected from the group consisting of a cytotoxin, 
a drug, a radioisotope, or a liposome loaded with a drug or 
a cytotoxin. 

5. A composition of claim 4, wherein the effector moiety 
is a cytotoxin. 

6. A composition of claim 5, wherein the cytotoxin is 
selected from the group consisting of rioin A, abrin, ribot- 
oxin, ribonuclease, saporin, calicheamycin, diphtheria toxin 
or a cytotoxic subunit or mutant thereof, a Pseudomonas 
exotoxin, a cytotoxic portion thereof, a mutated Pseudomo- 
nas exotoxin, a cytotoxic portion thereof, and botulinum 
toxins A through F. 

7. A composition of claim 6, wherein said cytotoxin is a 
Pseudomonas exotoxin or cytotoxic fragment thereof, or a 
mutated Pseudomonas exotoxin or a cytotoxic fragment 
thereof. 

8. A composition of claim 7, wherein said Pseudomonas 
exotoxin is selected from the group consisting of PE35, 
PE38, PE38 KDEL, PE40, PE4E, and PE38QQR. 

9. A composition of claim 8, wherein the Pseudomonas 
exotoxin is PE38. 



10. A composition of claim 3, further comprising a 
pharmaceutically acceptable carrier. 

11. A composition of claim 4, further comprising a 
pharmaceutically acceptable carrier. 

12. A composition of claim 4, further comprising a 
pharmaceutically acceptable carrier. 

13. A composition of claim 5, further comprising a 
pharmaceutically acceptable carrier. 

14. A composition of claim 6, further comprising a 
pharmaceutically acceptable carrier. 

15. A composition of claim 7, further comprising a 
pharmaceutically acceptable carrier. 

16. A composition of claim 8, further comprising a 
pharmaceutically acceptable carrier. 

17. A composition of claim 9, further comprising a 
pharmaceuhcally acceptable carrier. 

18. A use of an auti-CD22 antibody with a variable light 
(Vl) chain having the sequence of the Vl chain of antibody 
RFB4 and a variable heavy {Y^ chain having the sequence 
of the V,^ chain of antibody RKii4, provided that re.sidiies 
100, lOOA and lOOB of CDR3 of the chain of said 
anti-CD22 antibody have an amino acid sequence selected 
from the group consisting of: THW, YNW, TTW, and STY, 
for the manufacture of a medicament to inhibit the growth of 
a CD22+ cancer cell. 

19. A use of claim 18, wherein .said antibody is selected 
from the group consisting of an scFv, dsFv, a Fab, or a 
F(ab')2. 

20. A use of a composition for the manufacture of a 
medicament for inhibiting growth of a CD22+ cancer cell, 
which composition comprises an antibody of claim 1 con- 
jugated or fiised to a therapeutic moiety or a delectable label. 

21. A use of claim 20, wherein the therapeutic moiety is 
selected from the group consisting of a cytotoxin, a drug, a 
radioisotope, or a liposome loaded with a drug or a cyto- 
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22. A use of claim 21, wherein Ihe therapeutic moiety is 
a cytotoxin. 

23. A use of claim 22, wherein the cytotoxin is selected 
from the group consisting of ricin A, abrin, ribotoxin, 
ribonuclease, saporin, calicheamycin, diphtheria toxin or a 
cytotoxic subunit or mutant thereof, a Pseiidomonas exo- 
toxin, a cytotoxic portion thereof, a mutated Pseiidomonas 
exotoxin, a cytotoxic portion thereof, and botulinum toxins 
A through F. 

24. A use of claim 22, wherein said cytotoxin is a 
Pseiidomonas exotoxin or cytotoxic fragment thereof, or a 
mutated Pseudomonas exotoxin or a cytotoxic fragment 
thereof. 

25. A use of claim 22, whcicin said Pseudomonas exo- 
toxin is selected from the group consisting of PE35, PE38, 
PE38 KDEL, PE40, PE4E, and PE38QQR. 

26. Ause of claim 25, wherein the Pseudomonas exotoxin 
is PE38. 

27. A nucleic acid encoding an anti-CD22 antibody with 
a variable light (V[3 chain having the sequence of a V,^ chain 
antibody 1{1'B4 and a variable heavy (V^J chain having Ihe 
sequence of a chain of antibody RFB4, provided that 
residues 100, lOOA and lOOB of CDR3 of the V„ chain of 
said anti-CD22 antibody have an amino acid sequence 
selected from the group consisting of: THW, YNW, TTW, 
and S'l'Y. 

28. A nucleic acid of claim 27, wherein said antibody is 
selected from the group consisting of an scFv, a dsFv, a Fab, 
or a F(ab%. 

29. A nucleic acid of claim 27, further wherein said 
nucleic acid encodes a polypeptide which is a therapeutic 
moiety or a detectable label. 

30. A nucleic acid of claim 29, further wherein said 
therapeutic moiety is a drug or a cytotoxin. 

31. A nucleic acid of claim 30, further wherein said 
cytotoxin is a Pseudomonas exotoxin or cytotoxic fragment 
thereof, or a mutated Pseudomonas exotoxin or a cytotoxic 
fragment thereof. 

32. Anucleic acid of claim 31, wherein said Pseudomonas 
exotoxin is selected from the group consisting of PE35, 
PE38, PE38 KDEL, PE40, PE4E, and PE38QQR. 

33. A nucleic acid of claim 32, wherein the Pseudomonas 
exotoxin is PE38. 

34. An expression vector comprising a nucleic acid of 
claim 27 operably linked to a promoter. 

35. An expression vector comprising a nucleic acid of 
claim 28, operably linked to a promoter. 

36. An expression vector comprising a nucleic acid of 
claim 31 operably linked to a promoter. 

37. A method of inhibiting growth of a CD22+ cancer cell 
by contacting said cell with an anti-CD22 antibody with a 
variable light (VJ chain having the sequence of a Vi_ of 
antibody RFB4 and a variable heavy (Vjj) chain having the 
sequence a chain of antibody RFB4, provided that 
residues 100, lOOA and lOOB of CDR3 of the chain of 
said anti-CD22 antibody have an amino acid sequence 
selected from the group consisting of: THW, YNW, TTW, 
and STY, which antibody is fused or conjugated to a 
therapeutic moiety, which therapeutic moiety inhibits 
growth of said ceU. 

38. A method of claim 37, wherein said antibody is 
selected from the group consisting of an scFv, a dsFv, a Fab, 



39. A method of claim 37, wherein said therapeutic 
moiety is selected from the group consisting of a cytotoxin, 
a drug, a radioisotope, or a liposome loaded with a drug or 
a cytotoxin. 

40. A method of claim 39, wherein the therapeutic moiety 
is a cytotoxin. 

41. A method of claim 39, wherein the cytotoxin is 
selected from the group consisting of ricin A, abrin, ribot- 
oxin, ribonuclease, saporin, calicheamycin, diphtheria toxin 
or a cytotoxic subunit or mutant thereof, a Pseudomonas 
exotoxin, a cytotoxic portion thereof, a muiatsd Pseudomo- 
nas exotoxin, a cytotoxic portion thereof, and botulinum 
toxins A through F. 

42. A method of claim 41, wherein said cytotoxin is a 
Pseudomonas exotoxin or cytotoxic fragment thereof, or a 
mutated Pseudomonas exotoxin or a cytotoxic fragment 

43. A method of claim 42, wherein said Pseudomonas 
exotoxin is selected from the group consisting of PE35, 
PE38, PE38 KDEL, PE40, PE4E, and PE38QQR. 

44. A method of claim 43, wherein the Pseudomonas 
exotoxin is PE38. 

45. A method for detecting the presence of a CD22+ 
cancer cell in a biological sample, said method comprising: 

(a) contacting cells of said biological sample with an 
anti-CD22 antibody with a variable light (Vl) chain 
having the sequence of a chain of antibody RFB4 
and a variable heavy (Vj,) chain having the sequence of 
a Vh chain of antibody RFB4, provided that residues 
100, lOOA and lOOB of CDR3 of the Vh chain of said 
anti-CD22 antibody have an amino acid sequence 
selected from the group consisting of: THW, YNW, 
TTW, and STY, said antibody being fused or conju- 
gated to a detectable label; and, 

(b) detecting the pre,sence or ab.sence of said label, 
wherein detecting the presence of said label indicates 
the presence of a CD22+ cancer cell in said sample. 

46. A method of claim 45, wherein said antibody is 
selected from the group consisting of an scFv, a dsFv, a Fab, 
or a F(ab%. 

47. Akit for detecting the presence of a CD22+ cancer cell 
in a biological sample, said kit comprising: 

(a) a container, and 

(b) an an1i-CD22 antibody with a variable light (VJ chain 
having Ihe sequence of a Vj^ chain of antibody RFB4 
and a variable heavy (VjJ chain having Ihe sequence of 
a Vfj chain of antibody RFB4, provided that residues 
100, lOOAand lOOB of CDR3 of the chain of said 
anti-CD22 antibody have an amino acid sequence 
selected from the group consisting of: THW, YNW, 
TTW, and STY, which antibody is fused or conjugated 
to a detectable label. 

48. A kit of claim 47, wherein said antibody is selected 
from the group consisting of an scFv, a dsFv, a Fab, or a 



